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SOME ASPECTS OF NUTRITION IN YUGOSLAVIA 


Yugoslavia was born in the wake of the 
First World War as the Kingdom of Serbians, 
Croatians and Slovenians in which there 
were merged several administrative units 
widely differing in political maturity, cul- 
tural and industrial advancement, and 
agricultural productivity. For the most part 
the agricultural yield per man was low due 
to primitive methods of cultivation. The 
typical landholdings were small and the 
individual fields were frequently widely 
scattered. The population ingested a large 
part of its energy requirements in the form 
of bread, mostly corn bread, and other cereal 
products. The supply of animal proteins 
was low. Even in those areas where the 
supply of food was good and the people 
were economically in a position to eat ade- 
quate diets, the nutritional status was fre- 
quently defective due to lack of dietary in- 
formation. 

The Second World War ravaged the 
country beyond imagination. Farming was 
disrupted by warfare, and the domestic 
animals, especially horses and cattle which 
provided power for tilling the land, were 
decimated. Food was strictly rationed in the 
towns while rural districts had to find their 
own dietary salvation during these hard 
years. The difficulties of food supply were 
not removed on cessation of hostilities. 
With cattle reduced to less than half the 
prewar number, the milk supply for children 
was grossly inadequate. The number of hogs 
decreased catastrophically and the problem 
of supplying the population with meat and 
fats became critical. In order to insure a 
more adequate distribution of the available 
food, rationing of foods which were in par- 
ticularly short supply (meat, milk, bread, 
sugar, fat) was introduced. It was abolished 
in 1951. In the first difficult postwar years 
important help was provided by UNRRA 
and later by UNICEF. New problems arose 


after the war in association with rapid in- 
dustrialization and creation of large ad- 
ministrative centers. Many peasants mi- 
grated to towns and to sites of new factories, 
with inadequate housing facilities, and feed- 
ing was taken over by large canteens, put 
up in haste and lacking trained dietitians. 

In the course of the Second World War, 
Yugoslavia reconstituted itself as a federa- 
tion of six republics. In all the republics the 
medical aspects of food and nutrition are 
under the supervision of the regional In- 
stitutes of Hygiene. The nutritional prob- 
lems vary a good deal in different republics 
and even within the republics. Consequently, 
the Institutes in the individual regions have 
the responsibility and unique opportunities 
for examining the broad impact of varia- 
tions in nutrition on health and disease and 
for suggesting remedial measures. The 
Central Institutes of Hygiene at Ljubjana, 
Zagreb, Sarajevo, Beograd and Skopje are 
charged both with the hygienic control of 
food processing and nutritional research. 
Some of these Institutes are well equipped 
for laboratory analyses of foods as well as 
for dietary and nutritional surveys. The 
aid of WHO in providing equipment and 
expert consultation should be noted. 

In Zagreb, the Institute has a long tradi- 
tion, under B. Rogina, of chemical analysis 
of foodstuffs (cf. the work on microde- 
termination of iodides, Rogina and M. 
Dubravéié, Analyst 78, 594 (1953)). In the 
partisan warfare during the Second World 
War, in the face of severe shortages of other 
food, wild plants were used extensively. 
This stimulated systematic interest in the 
possibility of dietary utilization and prep- 
aration of some of the wild plants and the 
analysis of their nutritive content. L. 
Grljié reported on the ascorbic acid and 
carotene content of 36 edible leafy wild 
plants (Acta pharm. Jugosl. 2, 112 (1952)). 
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Many of the wild greens proved to be much 
better sources of ascorbic acid than similar 
cultivated vegetables. 

Under E. Ferber in recent years intensive 
field work was organized in order to provide 
a valid picture of food consumption in dif- 
ferent occupational groups and in the several 
regions of Croatia (Problems of Hygiene 
(Zagreb), p. 218 (1951)). The average 
caloric intake of industrial workers exam- 
ined in four cities in 1949 was 3000 calories, 
to which bread alone contributed a full half 
of the total amount. For clerks the total 
was 2400 calories, with bread making up 1100 
calories. On the average, carbohydrates con- 
tributed 80 per cent of the daily caloric in- 
take. While the total intake of proteins was 
fairly satisfactory, the amounts of animal 
protein in the diet were low. 

Preliminary information on the diet con- 
sumed by the rural population of Croatia 
was obtained by a survey of 250 families 
studied in the spring and fall of 1952 (E. 
Ferber, Higijena (Zagreb) 6, 3 (1954)). 
The foodstuffs to be used for preparation 
of meals on a given day were carefully 
weighed. The caloric value and the quality 
of the diet were analyzed on the basis of 
available tables of food consumption. The 
average daily diet provided 352 g. of car- 
bohydrates, 55 g. of fats, 47 g. of vegetable 
and 28 g. of animal protein. It should be 
noted that these are average figures for 
Croatia and should not be regarded as typi- 
cal of Yugoslavia as a whole. Even in 
Croatia there are very large regional dif- 
ferences, with 26 g. of daily fat intake in the 
mountainous, Dinaric region around Split 
on the Dalmatian coast, and 98 g. in the 
rich, hog-raising farm land of Eastern 
Croatia, around Osijek. The study has indi- 
cated that the menu of rural families is fre- 
quently highly monotonous and the diet, in 
some regions, contains meager amounts of 
protective nutrients. 

Dietary surveys, even when carried out 
most meticulously, tell only a part of the 
story. The core of the problem is the well- 
being, health and productive capacity of the 
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people. Consequently, in 1954 the dietary 
surveys in Croatia have been supplemented 
by parallel systematic surveys of nutritional 
status utilizing clinical, anthropometric and 
laboratory procedures, with R. Buzina in 
charge. In the framework of epidemiologic 
research on heart disease and in cooperation 
with J. BroZek and F. Mikié, Buzina carried 
out in 1953 an exploratory study of blood 
cholesterol in three regions of Croatia, mark- 
edly differing in the dietary fat intake (cf. 
Zdravstvene Novine 7, 27 (1954)). Earlier 
Buzina (Arch. Indust. Hyg. (Zagreb) 3, 439 
(1952)) examined the nutritional status of 
industrial apprentices. B. Kesié (/bid. 1, 
128 (1950)) reported on the development 
of boys during adolescence, with special 
attention to the salutary effects of the trans- 
fer from a village to an industrial environ- 
ment and improved diet. 

With its long coast on the Adriatic Sea 
and many islands, Yugoslavia has a po- 
tentially important source of animal protein 
in the “fruits of the sea.’’ Consequently, the 
Institute of Oceanography and Fisheries, in 
Split, directed by T. Soljan, has an im- 
portant role in Yugoslav food research and 
food technology. M. Krvarié and her co- 
workers examined the nutritive value of 
fresh Adriatic oysters (Acta Adriatica 5, 
79 (1953)), and canned and fresh sardines 
(Ibid. 4, 291 (1950); 5, 123 (1953)). S. 
Cmelik (Ibid. 3, 127 (1948)) has inves- 
tigated the iodine content of Adriatic algae. 

At the universities there are no special 
departments or institutes for nutritional 
research. Hpwever, at Zagreb the School of 
Public Health, under the leadership of A. 
Stampar, shares in nutrition education of 
future public health officers. Problems of 
food and nutrition are included in the courses 
for nurses, sanitary engineers and chemists. 
D. Hloupek is in charge of courses in home 
economics, offered by trained nurses and 
designed to bring the principles and prac- 
tices of modern dietetics into the rural 
areas. At the Medical School of the Uni- 
versity of Zagreb pathologic aspects of 
nutrition and metabolism are studied in the 
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Department of Internal Medicine under 
Professor Hahn. 

In Slovenia, from the Central Institute 
of Hygiene in Ljubljana, studies were re- 
ported on the hygienic aspects of meat 
processing, the diet of the peasant popula- 
tion and the nutritional status of technical 
personnel. 8. Lunaéek studied growth in 
children (Sodobna Pedagogika 2, 323 (1951); 
4, 71 (1951)). 

At the Central Institute of Hygiene in 
Belgrade such varied problems were studied 
as the tryptophan content of some foods, 
relation of diet to the hemoglobin content 
of blood, and body weight of students and 
apprentices. In addition, the Institute of 
Nutrition of the Serbian Academy of Sci- 
ences, now under the direction of D. Borié, 
has contributed importantly to nutritional 
research. The first volume of studies from 
the Institute was published in 1952 under 
the editorship of S. Gelineo, known for his 
studies on thermoregulation. The second 
volume appeared in 1953. It includes, among 
other subjects, studies on the dietary intake 
and growth of rural children; diet in rela- 
tion to fertility, morbidity and mortality 
in the region of Kosovo-Metohia; and the 
ideas of the people in this region concerning 
pellagra. A. Giaja published a detailed 
monographic study on the diet of the in- 
habitants of a typical Serbian village 
(Monogr. Serbian Acad. Set., Vol. 177 
(1951)). The clinical problems of pellagra 
in the region of Kosovo-Metohia were ex- 
amined and portrayed photographically by 
Borié (Ibid., Vol. 208 (1953)). 

The medical problems of nutrition were 
reviewed, with special reference to Croatia, 
by E. Ferber (Chapter 1 in “How Is Our 
Nutrition,” Zastita Zdravlja, Zagreb (1953)). 
The number of prematurely born infants 
is large (7.6 per cent) and reflects, at least 
in part, inadequate diet during pregnancy. 
The figure refers to births in maternity 
clinics. It is perhaps twice as high among 
children born in the homes. Infant mortality 
is still distressingly high, with an average 
of 17 per cent, and some districts reaching 
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the incredible figures of 26 per cent 
(Cakavac) and 33 per cent (Djakovo). 
Among the avitaminoses, rickets is fre- 
quently found in children. Calcium intake 
has been low, due to an inadequate con- 
sumption of milk, the principal source of 
this mineral. In some regions it is very low. 
This deficiency is aggravated by the fact 
that much of the bread eaten is the black 
bread from which the calcium cannot be 
readily absorbed. Low hemoglobin levels 
are widespread. 

In several areas goiter is a serious defi- 
ciency disease (cf. J. Matovinovié, Bull. 
World Health Organization 9, 249 (1953)). 
In Croatia about 15 per cent of school 
children show symptoms. In one village 
near Zagreb 90 per cent of the population 
have goiter and each tenth individual shows 
physical or psychologic defects. The legisla- 
tion concerning compulsory sale of iodized 
salt (SluZbeni List FNRJ No. 43, p. 536 
(1953)) is an important step in the fight of 
the public health workers against this dis- 
ease. 

An important task of the nutritionist is 
to collect and present effectively valid data 
on the nutritional status of the population 
and its most vulnerable segments, as a basis 
for administrative action, educational ef- 
forts, and economic measures. Yugoslavia 
has a potential for supplying all of its 
population with adequate food and _ for 
raising a surplus of some of the products 
for export. There is opportunity and need 
for considering the physiologic needs of 
the human organism for food together with 
purely economic criteria in agricultural 
planning. A crucial role in improving the 
quantity and especially the quality of the 
diet will be played by the food industry, 
suffering at present from lack of proper 
equipment and technologic skill. The im- 
balance between the intake of animal and 
vegetable proteins must be eliminated by 
increased production of milk, dairy products 
and meat. 

These problems are receiving increasing 
attention on the part of the medical profes- 


| 

| | 
q 
| 
| 
| 
a | 
| 
i | 
f | | 
| | 
| 
of 
yf 
yf | 
| 
| | 
al | 
i. 
of 
1e 


=z 


- 


100 NUTRITION REVIEWS 


sion (cf. E. Ferber and R. Buzina, Zdravst- 
vene Novine 6, 83 (1953)). Current researches 
on medical problems of nutrition, with 
particular reference to  iodine-deficiency 
goiter, were reviewed at the Second (Yugo- 
slav) Congress for Preventive Medicine 
meeting at Bled, Slovenia, on September 
26-30, 1954. The other two major nutri- 
tional problems in Yugoslavia are iron- 
deficiency anemia, and, in the south, pel- 
lagra. The results of field investigations, 
carried out with the support of WHO, and 
of a pilot study on the effectiveness of maize 
enrichment will be of more than local in- 
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terest. Support for the maize enrichment 
program was provided by the Williams- 
Waterman Fund. 
JoseEF BroZeKk 
Laboratory of Physiological 
Hygiene 
School of Public Health 
University of Minnesota 
Minneapolis, Minnesota 


Epvin FERBER 

Division of Nutrition 
Central Institute of Hygiene 
Zagreb, Yugoslavia 


VITAMIN B,, CONCENTRATION IN SERUM OF PATIENTS WITH 
PERNICIOUS ANEMIA 


Earlier studies have indicated that 
patients with megaloblastic anemia respond- 
ing to treatment with the vitamin have 
relatively low serum vitamin By. concentra- 
tions and that the hematopoietically active 
form of the vitamin is bound by serum 
protein (G. I. M. Ross, J. Clin. Path. 5, 
250 (1952); W. R. Pitney, M. F. Beard, 
and E. J. Van Loon, J. Biol. Chem. 207, 
143 (1954); Nutrition Reviews 12, 164 
(1954)). A recent publication affords in- 
formation concerning the concentration of 
vitamin By» in the serum of patients with 
pernicious anemia and the capacity of the 
serum of these patients to bind the vitamin 
(A. A. Lear, J. W. Harris, W. B. Castle, 
and E. M. Fleming, /. Lab. Clin. Med. 
44, 715 (1954)). 

The method of assay utilizes the effect 
of vitamin By. in stimulating the growth of 
the green alga, Euglena gracilis. The free 
form was determined by the simple addition 
of serum to the growth medium, while the 
total vitamin By. content represented the 
growth of the test organism after heating 
of the diluted serum to 100°C. for fifteen 
minutes. The difference between the total 
and free vitamin in serum afforded a measure 
of the vitamin bound by serum protein. 

The serums of 20 normal young adults 


were found to contain an average of 532 
micromicrograms per milliliter of total 
vitamin By. Free or unbound vitamin was 
present in each of these serums with con- 
centrations ranging from 27 to 104 micro- 
micrograms per milliliter. In comparison 
with the values in normal persons, none of 
the samples of serum obtained from 33 
patients with pernicious anemia before 
treatment contained free vitamin By, 
while the total serum vitamin Bi. was 
reduced in all of these samples, with an 
average for the group of only 39 micromicro- 
grams per milliliter. Values for other pa- 
tients with pernicious anemia after treat- 
ment indicated serum concentrations of total 
vitamin By. similar to those of normal sub- 
jects. 

Comparison was also made with serum 
concentrations of the vitamin in patients 
with other types of anemia. Twelve patients 
with macrocytic anemia which responded 
to folacin were found to have serum total 
vitamin By. concentrations somewhat below 
those of normal individuals, but not nearly 
so reduced as in the patients with pernicious 
anemia. The range in this group was from 
148 to 557 micromicrograms per milliliter. 
Forty patients with anemia due to a variety 
of causes were included in still another 
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group. Among the disorders in these pa- 
tients were anemias due to iron deficiency, 
malnutrition, myxedema, hemolytic mecha- 
nisms and a variety of chronic diseases. 
Total serum vitamin By». values were of wide 
range, varying from 115 to 1029 micromicro- 
grams per milliliter. 

Similar analyses were performed on the 
serums obtained from 29 patients with 
cirrhosis of the liver. Although the range 
of levels of total vitamin By. was very wide, 
5 of these patients were observed to have 
extremely high serum concentrations, ex- 
ceeding 1000 micromicrograms per milli- 
liter. None of the patients had received the 
vitamin as treatment. In an effort to deter- 
mine if the high concentrations found were 
produced by compounds unrelated to vita- 
min Bis, the serum of these patients was 
subjected to alkalinization and _ heating. 
This treatment destroys vitamin By. It 
was found, however, that 48 per cent of the 
growth-stimulating activity persisted after 
such treatment. Similar treatment of serum 
from normal persons and from patients with 
pernicious anemia also failed to destroy 
totally the growth-promoting activity. 
Therefore, no explanation was achieved for 
the relatively high values for total serum 
vitamin B,». observed in some of the patients 
with cirrhosis. However, it was determined 
that serum from all sources tested possessed 
a property protecting vitamin By» from 
alkaline degradation. 

The capacity of serum from normal per- 
sons and from patients with pernicious 
anemia to bind vitamin By. added in vitro 
was studied in other experiments. It was 
found that the amount of vitamin By 


bound by serum protein increased to a 
maximum for each serum sample, beyond 
which the excess appeared as free vitamin 
By. The total binding capacity of serum 
from the patients with pernicious anemia 
was quantitatively similar to that of the 
control normal serums. In both groups ex- 
cess vitamin By». was found in the unbound 
form after the total concentration exceeded 
values of from 450 to 650 micromicrograms 
per milliliter. These observations fail to 
demonstrate a defect in binding of the vita- 
min by proteins in serum of patients with 
pernicious anemia. No information is af- 
forded in these experiments which would 
demonstrate that binding is a property of 
specific serum protein fractions. Other in- 
vestigators have claimed that this property 
resides in certain specific components of 
serum. R. F. Schilling and W. P. Deiss 
(Proc. Soc. Exp. Biol. Med. 83, 506 
(1953)) found that radioactive cobalt  in- 
cluded in the vitamin Bi, molecule moved 
with the albumin fraction in the electro- 
phoretic separation of serum proteins. Pit- 
ney and his associates (loc. cit.) offer evi- 
dence that it is the alpha-globulin fraction 
which is most important in the binding of 
this vitamin by serum. 

The primary importance of the observa- 
tions of Lear and his associates would seem 
to reside in the fact that they offer further 
confirmation of the nature of pernicious 
anemia as a deficiency disease. This con- 
cept is supported by the absence of detect- 
able free vitamin By, and the low total 
vitamin By concentration of serum of 
patients with this type of anemia and by 
the restoration of these levels to normal 
with vitamin B,» treatment. 


THE STRUCTURE AND COMPOSITION OF BONE IN THE BANTU 


The diet of the Bantu peoples of South 
Africa has been of considerable interest 
to nutritionists. The pathogenesis of the 
severe malnutrition of children, kwashiorkor, 
which occurs endemically in this race, has 


been discussed previously (Nutrition Reviews 
9, 129, 225 (1951); 10, 87, 261, 297 (1952); 
12, 5 (1954); 18, 1, 67 (1955)). 

Because the Bantu diet is low in vitamin 
D and calcium and is high in phytate phos- 
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phorus, A. R. P. Walker and U. B. Arvids- 
son (Metabolism 3, 385 (1954)) have made 
a study of the chemical composition and 
histologic structure of bone in these indi- 
viduals. The fifth rib was removed at autopsy 
from 44 Bantu infants, 13 children and 12 
adults. For comparison the ribs from 18 
European infants and 22 adults were ob- 
tained. The total ash, calcium and_ phos- 
phorus were determined after removal of 
all soft tissues and fat. In some cases the 
marrow was removed, a procedure which 
decreased the variability of the analytic 
results. Three of the Bantu infants presented 
signs of severe rickets. The dry and defatted 
ribs from these infants contained 43.7 per 
cent bone ash as compared to 59.9 per cent 
in nonrachitie infants. No significant differ- 
ence was noted in the ash, calcium, or phos- 
phorus content of the ribs from nonrachitie 
Bantu infants and European infants. The 
fact that 5 of the Bantu infants were suffer- 
ing from kwashiorkor did not influence the 
percentage composition. It is probable that 
a low intake of vitamin D and limited ex- 
posure of babies to sunlight explained the 
high incidence of rickets. The authors have 
found the calcium concentration of breast 
milk from Bantu mothers to be normal de- 
spite a limited calcium intake. The analytic 
results on ribs from children and adults 
demonstrated similar composition in the 
Bantu and in Europeans. 

The histopathologic changes in the ribs 
of South African Bantu infants have been 
described by J. Higginson (Metabolism 3, 
392 (1954)). The most common change was 
a nonspecific growth depression which oc- 
curred in 50 per cent of the Bantu infants. 
This lesion was most advanced in infants 
dying of kwashiorkor. In these infants the 
zone of endochondral ossification was re- 
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duced to about one half of its normal width. 
Columnar and hypertrophied cartilage cells 
were decreased and those cells which were 
present were flattened and contained pyk- 
notic nuclei. Very little invasion of blood 
vessels into the calcified cartilage could be 
seen. The trabeculae of the shaft of the bone 
were decreased in number and width. In 
some of the cases new bone formation ap- 
peared to be occurring only at the cortex. 

In 27 per cent of the ribs from infants 
the changes of rickets were present. The 
lesions were severe in 5 of these cases. The 
frequency of growth arrest made the recog- 
nition of rickets more difficult. No significant 
lesions were found in 5 Bantu adolescents 
and 10 adult Bantus except for increased 
osteoid tissue suggesting rickets in a 13 
year old child. 

It is apparent from these two studies 
that although rickets is prevalent among 
breast-fed Bantu infants it is uncommon 
in childhood and in adults. Despite the 
low dietary intake of vitamin D and calcium 
and the high intake of phytate and phos- 
phorus (components which inhibit the 
absorption of calcium from the gut), the 
percentage ash composition of most of the 
ribs examined was found to be normal. The 
histologic studies indicate a marked failure 
of growth of many of the ribs from Bantu 
infants. Caloric and protein deficiencies 
are probably of greater importance than 
mineral deficiency in most of the infants. 
The relative infrequence of childhood rickets 
and adult osteomalacia is attributed to the 
formation of vitamin D within the skin due 
to exposure to sunlight. The notion that 
vitamin D is not formed in significant 
amounts in colored subjects is not borne 
out by these studies. 


VITAMIN SUPPLEMENTATION AND PHYSICAL PERFORMANCE 


well recognized, although the exact mecha- 
nisms of the complex relationships are not 


That undernutrition and malnutrition 
a influence human emotions and behavior is 
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established (Nutrition Rveiews 12, 237 
(1954)). Specific nutritional deficiency dis- 
eases may be accompanied by marked 
aberrations in mental status. Such changes 
are quite apparent in the dementia of pel- 
lagra, the confusion of Wernicke’s disease, 
and the behavior and personality changes 
accompanying specific amino acid deficien- 
cies as produced experimentally in human 
subjects. There is no question that the cor- 
rection of frank nutritional disturbances 
when they occur is beneficial to the behavior 
and to the physical performance of human 
beings. 

The possibility that beneficial effects may 
be derived from supplementing with vita- 
mins the diets of industrial workers or of 
soldiers, especially when their rations are 
adequate enough to prevent the develop- 
ment of clinical or subclinical deficiency 
states, rests on much more tenuous ground. 
The subject of nutrition and industrial 
performance of workers has been previ- 
ously reviewed (Nutrition Reviews 8, 312 
(1950); 11, 239 (1953)). The relation of 
nutrition and of vitamin supplementation 
to physical performance is of special inter- 
est to the armed forces, since the efficiency 
of any military unit depends ultimately 
upon the maximal performance of each 
soldier who may be exposed to a wide vari- 
ety of environmental demands during periods 
when strenuous activity must be exerted. 
R. Ryer et al. (J. Clin. Nutrition 2, 97, 
179 (1954)) have reported on studies de- 
signed to determine whether the functional 
capacity of the soldier exposed to a cold 
environment might be improved by supple- 
ments of ascorbic acid and of B-complex 
vitamins. 

Eighty-six volunteer military person- 
nel served as test subjects. The experiment 
was carried out during a ten-week period in 
the winter of 1953 in Wyoming at an eleva- 
tion of 8300 feet above sea level. The sub- 
jects were randomly divided into two groups. 
Forty-two men served as a control group 
and each received a brown capsule contain- 


ing 6 mg. of ascorbic acid four times daily. 
Forty-four men made up the supplemented 
group. Each of these subjects received an 
orange-colored capsule four times daily 
which provided in each capsule the follow- 
ing: thiamine (10 mg.), riboflavin (10 mg.), 
niacinamide (100 mg.), calcium pantothe- 
nate (80 mg.), pyridoxine (40 mg.), folacin 
(2.5 mg.), ascorbic acid (300 mg.), and 
vitamin By (4 micrograms). During the 
experiment the average daily temperature 
was 26°F., wind velocity 13 miles per hour, 
and wind chill 1030 calories per square 
meter per hour. Following a period to allow 
for equilibration of the subjects to the pre- 
scribed conditions of diet, physical activity, 
and clothing, and to the cold and the alti- 
tude, measurements of physical performance 
were made at weekly intervals during periods 
of caloric adequacy (3500 calories daily 
during the first six weeks) and of caloric 
deficit (2250 calories daily during the last 
three weeks), under conditions of high 
degrees of activity, mostly outdoors in the 
cold. Clothing was prescribed to provide 
less than the amount needed to maintain 
comfort during inactivity in the environ- 
ment of the study. 

There was no statistical difference be- 
tween the two experimental groups with 
regard to the scores attained in the Harvard 
step test, the Army physical fitness test, 
the performance with the hand dynamom- 
eter, a standardized forced march test, and 
a contest march. In both supplemented and 
unsupplemented groups performance con- 
tinued to improve at the same rate during 
the ten weeks of study. No detectable im- 
pairment of physical performance was ap- 
parent during twenty-two days of relative 
caloric restriction in either group. The sup- 
plemented group demonstrated a_ lesser 
fall in rectal temperature during exposure 
to cold while at rest than did the control 
group. The differences in magnitude of the 
temperature decreases in the groups were 
small but statistically significant. 

A battery of six psychologic tests failed 
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to reveal any differences between the two 
study groups. The same was true of bio- 
chemical measurements of urinary nitro- 
gen excretion, blood glucose, hemoglobin, 
creatinine excretion, and  17-ketosteroid 
excretion. The supplemented group showed 
the expected increases in blood and urine 
levels of ascorbic acid, and both groups 
excreted increased amounts of oxidized 
ascorbic acid during exposure to cold. 

The supplemented group did demonstrate 
significantly greater decreases in eosinophil 
count during forced march, and greater 
decreases in body weight during the course 
of the experiment when compared to the 
control group. Changes in eosinophil count 
were not apparent in either group following 
four hours of exposure to cold. The sig- 
nificance and interpretation of these observa- 
tions are not known. 


SIGNIFICANCE OF PLASMA PROTEIN 


The blood plasma (or serum) proteins 
have been repeatedly studied by a variety 
of methods and in many disease states. 
In spite of these many investigations con- 
siderable doubt still exists as to the speci- 
ficity of the methods, and often an unsatis- 
factory correlation is found between the 
analytic results and the character or sever- 
ity of the patient’s illness. Many have con- 
sidered electrophoretic analysis to be the 
most accurate method of measurement. In 
general this method has shown a reduced 
serum albumin concentration, particularly 
in protein undernutrition, the nephrotic 
syndrome, and cirrhosis of the liver, as well 
as in a variety of other disease states. In 
inflammatory conditions some depression 
of the serum albumin concentration has been 
found associated with a rise in the alpha 
and gamma globulin concentrations. 

Often seemingly minor or inconsistent 
changes have been given undue significance 
when related to the nature of the particular 
illness. It is refreshing, therefore, to find a 
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The above studies failed to demonstrate 
that the addition of large doses of B-vita- 
mins and of ascorbic acid to a ration ade- 
quate enough to maintain level of perform- 
ance and to prevent clinical nutritional 
deficiency states in soldiers undergoing 
physical activity in the cold improves their 
physical or mental performance. Until 
convincing evidence is presented to the 
contrary, it seems reasonable to assume that 
maximal physical performance can be ex- 
pected of industrial workers or of soldiers 
if they are provided with adequate diets 
consisting of natural foodstuffs and the 
specific nutrients inherently contained 
therein, providing account is taken of the 
total energy requirement of the individual 
under prevailing circumstances of physical 
exertion and of environment. 


MEASUREMENTS IN DISEASE STATES 


clear-cut analysis and correlation of the 
clinical findings and the electrophoretic 
distribution of proteins in the plasma (or 
serum) of patients with rheumatoid arthri- 
tis. This work was done by M. W. Ropes, 
G. E. Perlmann, D. Kaufman, and W. 
Bauer (J. Clin. Invest. 33, 311 (1954)). 
They found a consistent decrease in the 
albumin concentration and a rise in the 
alpha-1 and alpha-2 and gamma globulin 
and fibrinogen concentrations. These ab- 
normalities were usually less marked or 
even corrected during spontaneous, or 
adrenocortitotropic hormone (ACTH)-, or 
cortisone-induced remissions of the disease. 
There appeared to be little or no correla- 
tion with the duration of the disease, but 
the protein abnormalities did correlate well 
with the clinical activity adjudged by symp- 
toms, or with the sedimentation rate. 

In addition to study of the plasma pro- 
teins these authors also examined the syn- 
ovial fluid protein in rheumatoid arthritis 
and compared it with that of the serum and 
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with the proteins of traumatic effusions 
which were considered to represent relative- 
ly normal synovial fluids (G. E. Perlmann, 
M. W. Ropes, D. Kaufman, and W. Bauer, 
J. Clin. Invest. 33, 319 (1954)). In general, 
the fluids from patients with mild degrees 
of disease and those of short duration more 
closely resembled the protein pattern found 
in traumatic arthritis. In the presence of 
more severe disease, and when the effusion 
was of long duration, there was a wide varia- 
tion in the patterns. The authors suggest 
that the proteins in the fluid in this disease 
are probably due to alterations in capillary 
permeability, although they point out that 
this has not been proven. 

Another critical study of the serum pro- 
teins bears upon the relation of the electro- 
phoretic analysis, molecular weight and 
colloid osmotic pressure of these with par- 
ticular reference to the nephrotic syndrome 
and cirrhosis of the liver (S. H. Armstrong 
et al., J. Clin. Invest. 33, 297 (1954)). The 
possible discrepancies between the serum 
colloid osmotic pressure and the serum 
protein concentration have been noted in 
the past, particularly in nutritional edema 
(Nutrition Reviews 8, 33 (1950)). Others 
have observed difficulty in correlating serum 
proteins determined by the Howe method 
(“salting out’’) with electrophoretic patterns 
and with colloid osmotic pressure measure- 
ments. The possibility exists, as noted by 
Armstrong and his colleagues, that in hypo- 
proteinemic states the serum albumin in 
particular (which contributes most of the 
colloid osmotic pressure) may be present 
in some abnormal form; for example, larger 
than normal molecular aggregates. The 
authors used an instrument for measuring 
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the colloid osmotic pressure which gave 
reproducible results. Their studies did not 
reveal or exclude the postulation that 
proteins with unusual osmotic properties 
might be present in some patients with 
hypoproteinemia, but did point up some 
interesting facets of the problem. 

It is not necessary here to discuss the 
data obtained by Armstrong and his col- 
laborators save to mention a few of the 
findings and the conclusions. One patient 
with cirrhosis of the liver, for example, who 
responded with improvement to “intensive 
dietary therapy over a period of half a year” 
showed essentially no change in the serum 
albumin and gamma globulin concentrations 
during this period of time, but did show a 
striking rise in the serum colloid osmotic 
pressure. The discrepancy between these two 
measurements in this example is striking. 

The authors believe their data on the 
nephrotic syndrome indicate that electro- 
phoretically determined albumin and globu- 
lin levels measured did not correlate so 
well with the colloid osmotic pressure as 
did salting out determinations (the Howe 
method). This they considered might be 
due to “shifts in the various molecular 
species of protein responsible for osmotic 
pressure.”’ Finally, they point out that if one 
is to use the colloid osmotic pressure as a 
basis for other studies it should be measured 
directly rather than calculated either from 
the Howe values of plasma protein or from 
electrophoretic analysis, particularly in 
hypoproteinemic states. These studies fur- 
ther emphasize the difficulties in the meas- 
urements of the plasma proteins in disease 
and the need for further critical research 
in methods. 


EXCESS WEIGHT GAIN AND FATTY LIVER IN VIRAL HEPATITIS 


The acute inflammatory disease of the 
liver, viral hepatitis, became one of the most 
important medical problems confronting 
military personnel during World War II. 


It persists with relatively high incidence 
among civilian populations of the United 
States and other countries. The course of 
the usual or uncomplicated case of viral 
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hepatitis is relatively long as compared to 
most other acute infections. The average 
period of illness and convalescence requires 
about six weeks, making the economic costs 
of this illness relatively great. Moreover, 
convalescence may be prolonged for much 
longer periods and a chronic disease of the 
liver, cirrhosis, may follow in certain 
patients. There is no specific therapy for 
viral hepatitis, but most observations have 
indicated that provision of a good diet and 
restriction of physical activity are important 
in the treatment of the disease. 

The currently accepted mode of dietary 
treatment of patients with viral hepatitis 
is to assure a relatively high intake of cal- 
ories and protein, with provision of suffi- 
cient fat to maintain a diet that is appetiz- 
ing and readily consumed (J. R. Neefe, 
Am. J. Med. 16, 710 (1954)). A recent 
report offers evidence that this type of 
dietary management may lead to accumu- 
lation of fat in the liver during convales- 
cence from viral hepatitis (A. R. Colwell, 
Ann. Int. Med. 41, 963 (1954)). 

This study was undertaken with military 
personne! with viral hepatitis. Small amounts 
of liver were obtained from each of the 
patients by the procedure of punch biopsy 
and were examined histologically. Included 
in the group studied were 144 patients from 
whom 199 liver biopsies were obtained. 
Physical activity was limited in a uniform 
manner. The patients were confined to their 
beds except for bathroom privileges until 
laboratory tests of liver function approached 
normal values. Food was consumed ad 
libitum but each patient was encouraged 
to eat a diet affording a high level of intake 
of calories, protein and carbohydrate. 
Although dietary intakes were not deter- 
mined for each individual, the author esti- 
mated that after the first few days of hos- 
pitalization the food consumed daily by 
each patient afforded from 4000 to 5000 
calories, from 70 to 150 g. of protein, from 
400 to 500 g. of carbohydrate, and from 
150 to 200 g. of fat. 


REVIEWS {April 
Thirty-nine patients were observed during 
the acute course of viral hepatitis. Liver 
biopsies were obtained from each patient 
shortly after admission to the hospital and 
approximately two weeks after the onset 
of symptoms. A second biopsy was taken 
four weeks later, or six weeks after the onset 
of illness. Each liver specimen was stained 
and examined histologically for evidences 
of fibrosis and of deposition of fat in cells. 
The author states that the small size of 
the specimen did not permit the direct 
histochemical demonstration of cellular 
fat deposits. Therefore, the vacuolation of 
cells was utilized as an indirect measure of 
the accumulation of intracellular lipid. The 
amount of vacuolation in each tissue sec- 
tion was estimated and graded. Grade 0 
represented sections of liver in which there 
was no fat or only occasional very small 
droplets. At the other extreme of the scale 
was grade 3 in which there were large, 
diffusely distributed vacuoles, which caused 
displacement of cell nuclei. Grades 1 and 2 
were intermediate between these extremes. 
An effort was made to afford a similar quan- 
titative estimate of the fibrous connective 
tissue in the stained specimens of liver. 

None of the liver biopsy specimens ob- 
tained early in the acute course of the dis- 
ease (7.e., two weeks after onset of symp- 
toms) was found to contain abnormal 
amounts of fat. However, biopsies taken 
four weeks later demonstrated some degree 
of abnormal accumulation of fat in liver 
cells in 21 of the 39 patients. In most in- 
stances the vacuolation of cells was of limited 
degree, i.e, grades 1 or 2. The average grade 
for the 21 patients with demonstrable intra- 
cellular fat was 1.6. Although there was a 
minimal degree of fibrosis in about half of 
the group of 39 patients at this period of 
illness, there was no relationship apparent 
between fat deposition and fibrosis. 

The author sought evidence of factors 
which might have contributed to the oecur- 
rence of fat in the livers of these patients 
with viral hepatitis. A variety of factors 
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was considered, but it was determined that 
the age of the patients, the severity of 
symptoms, and the laboratory evidences 
of hepatic damage were similar in the pa- 
tients with and those without fat deposition 
in hepatic cells. One difference did seem to 
be of importance, however. This was the 
gain in body weight from the time of admis- 
sion to the hospital to the date of biopsy 
four weeks later. The average weight gain 
in the patients with histologically demon- 
strable liver fat was 8 pounds, a value which 
compared with only 3 pounds in the patients 
without accumulation of fat in liver cells. 
This observation led the author to consider 
the possible role of excessive intake of cal- 
ories and fat in causing fat deposition in the 
liver during the acute course of viral hepa- 
titis. With this consideration in mind, vita- 
min Bi. was administered to 20 patients in 
a dosage of 30 micrograms every other day 
during the first week of treatment. There 
was no apparent lipotropic or protective 
effect from the vitamin B,. administered, 
since one half of the group or 10 patients 
exhibited evidences of fatty infiltration of 
the liver when biopsied four weeks later. 

Similar investigations were undertaken 
in 89 patients who had protracted courses 
of viral hepatitis, 7.e., symptoms and 
manifestations of disease activity persisting 
for periods longer than six weeks. Liver 
biopsy specimens were obtained at varying 
intervals after the onset of illness in these 
patients. Thirty-six of the patients had 
evidences of fatty changes in the liver. When 
compared with the 54 patients without 
hepatic deposition of fat, this group was 
similar in terms of length and severity of 
illness, but again the average weight gain 
during hospitalization was significantly 
higher. The average weight gain was 16 
pounds in the patients with fatty infiltra- 
tion and only 6 pounds in patients without 
this change in the liver. 

The association of intracellular accumula- 
tion of fat in the livers of patients convalesc- 
ing from or with persisting hepatitis has 
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not been described by other authors. There- 
fore, the observations described by Colwell 
(loc. cit.) are original and new. It is of 
interest that this phenomenon seemed to 
oecur in patients who had had greatest 
weight gain during the period of hospitaliza- 
tion and treatment. The evidence afforded 
is adequate to demonstrate that these pa- 
tients were ingesting calories much in excess 
of their needs during the period of hospitali- 
zation and enforced limitation of physical 
expenditure of energy. Although the author 
provides evidence indicating that the sever- 
ity of the disease was not significantly dif- 
ferent between groups of patients with 
and without fatty infiltration of the liver, 
one seemingly important factor was not 
considered. No information is given con- 
cerning the loss of body weight during the 
earliest phases of viral hepatitis in these 
patients. There may be marked and rapid 
weight loss at this time. It would be of 
interest to know if greatest weight gains 
during treatment had occurred in patients 
whose weight loss was most severe in earlier 
stages of the disease. 

The observations of S. Zelman (Arch. 
Int. Med. 90, 141 (1952); Nutrition Reviews 
10, 325 (1952)) demonstrated the frequent 
association of hepatic damage and liver 
disease with obesity. In certain patients 
fatty vacuolation was found in liver biopsy 
specimens. However, the degree of obesity 
was marked, with body weight more than 
50 per cent in excess of ideal weight in all 
patients. The patients with viral hepatitis 
were young men of military age and there 
was probably little if any significant obesity, 
even after the weight gains which occurred 
during treatment and convalescence from 
this disease. 

W. S. Hartroft (Anat. Record 106, 61 
(1950)) has shown that the deposition of fat 
in the liver with the production of fatty 
cysts precedes and conditions the occurrence 
of fibrosis in this organ in nutritional hepatic 
damage in experimental animals. No evi- 
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dence was given in the investigation of the 
patients with viral hepatitis that fatty 
infiltration was associated with developing 
fibrosis of the liver, or that the vacuolation 
of liver cells, in itself, might be hazardous. 
However, the author does recommend that 
dietary fat and calorie intake be moderately 
limited so that fat deposition in the liver 
may possibly be avoided. This conclusion 
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is of interest, but should be received with 
caution. Until more specific therapy is 
available for viral hepatitis, it is likely that 
dietary management will remain an essential 
part of treatment. In this instance, as in 
all other uses of diet in treatment, an effort 
must be made to afford the benefits of ap- 
propriate and nutritious food without the 
excesses which lead to obesity. 


MALNUTRITION AND ANTIBODY FORMATION 


The relationship between nutritional 
deficiency and the capacity to produce 
antibodies has received considerable study 
but is still controversial. There is little 
doubt that in severe protein deficiency in 
the rat antibody production is diminished 
(Nutrition Reviews 3, 86 (1945); 6, 234 
(1948)), but the practical significance of 
the observation has been debated (J/bid. 
6, 205 (1948)). The studies of A. E. Axelrod 
and his co-workers (Symposium on Protein 
Metabolism, Nutrition Symposium Series 
No. 8, National Vitamin Foundation, N. Y. 
(1954)) indicate that deficiencies of panto- 
thenic acid, pyridoxine and folacin severely 
impair the ability of the rat to make anti- 
bodies whereas deficiencies of riboflavin, 
biotin, thiamine, vitamin A and _ niacin 
produce only a moderate impairment. De- 
ficiencies of vitamin By. and vitamin D are 
without effect on antibody formation. These 
studies were done using human erythrocytes 
as the antigenic stimulus. Electrophoretic 
studies upon the serum globulins led to the 
conclusion that although certain vitamins 
decreased the ability to form antibodies, 
the same animals possessed a normal con- 
tent of serum protein and serum globulin. 
The authors speculate that either there is 
a difference in the metabolic pathways 
involved in antibody formation and the 
production of serum globulins, or that the 
vitamins somehow function in the trans- 
formation of serum globulin into antibody 
globulin. 


Comparable studies upon human beings 
have been very few. Both diminished 
(E. G. Krebs, J. Lab. Clin. Med. 31, 85 
(1946); M. G. Wohl, J. G. Reinhold, and 
S. B. Rose, Arch. Int. Med. 88, 402 (1949)) 
and normal (H. H. Balch, J. Immunol. 64, 
397 (1950)) immunologic responses have 
been found in poorly nourished patients. 
W. P. Havens, J. M. Shaffer, and C. J. 
Hopke ([bid. 67, 347 (1951)) suggest that 
there appears to be a preferential synthesis 
of antibody in poorly nourished patients 
at the expense of other components of the 
serum proteins. Havens, D. G. Bock, and 
I. Siegel (Am.J.Med.Sci. 228, 251 (1954)) 
have presented another study using wounded 
men of the Korean War who were suffering 
severe inanition secondary to paraplegia, 
tetraplegia, or because of delayed healing 
of wounds. A control group of 11 healthy 
men of comparable age were used. Purified 
diphtheria toxoid was used as the antigen. 
The anamnestic response was measured 
only in Sehjck-negative persons. 

Although the 15 wounded men had lower 
than normal serum albumin values (range 
2.0 to 4.4 g. per cent, average 3.3) compared 
to the control group (average 4.3 g. per 
cent), there was no apparent relationship 
between the capacity to produce antibody 
and serum albumin, globulin, or total serum 
protein level. Also, the age of the patient, 
clinical condition, or degree of malnutrition 
did not appear to be related to the antibody 
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response. The mean increase in diphtheria 
antitoxin in the severely wounded patients 
was slightly greater (38 units per milliliter) 
than in the controls (26 units per milliliter), 
but the variation in response within each 
group was large. The only significant rela- 
tionship found was a general tendency for 
the amount of antitoxin produced to be 
related to the amount of pre-Schick circulat- 
ing antitoxin. 

It is perhaps unfortunate that the authors 
do not give any indication of the degree of 
malnutrition in the patients as judged by 
weight loss and similar indications, nor any 
information about the nutrient intake. The 


decrease in serum albumin level indicates 
that protein and presumably caloric intakes 
were very limited. Adequate vitamin intakes 
were probably maintained, although this is 
not mentioned in the paper. Whether the 
discrepancies in studies such as these and 
those which have been obtained with rats 
are explicable by differences in species 
response, experimental conditions, or meth- 
ods, is problematic. Perhaps the most likely 
explanation is that only under an extreme 
protein deficiency, which may seldom be 
met in human subjects, does the level of 
protein intake become the governing factor 
in antibody response. 


DIETS OF LOW INCOME FAMILIES 


Food is usually the major budget item 
for low income families. Since adequate 
nutrition is essential for health it is im- 
portant that food items be selected to supply 
the dietary requirements for these families 
at the lowest possible cost. In order for 
dietitians and public health workers to 
make useful suggestions concerning food 
purchases they should be informed as to 
the nutritive value of diets consumed by 
low income families. 

P. J. Hames and E. C. Robertson (J. 
Am. Dietet. Assn. 30, 766 (1954)) have re- 
ported the results of a survey of the nutri- 
tive value of diets consumed by low income 
families in Canada. A total of five surveys 
of the food habits of 375 Toronto families 
was made between 1946 and 1948. The yearly 
incomes of the families surveyed ranged 
from $1780 to $2150 and they spent an 
average of 44 per cent of their income on 
food. The families kept a record of all food 
eaten for one week. Specially trained field 
workers aided the mothers in keeping the 
food records. Most of the families were 
surveyed more than once so that a total of 
1030 records were obtained. The average 
intakes of calcium, thiamine, riboflavin 
and ascorbic acid were calculated from 


food composition tables (E. G. Donelson 
and J. M. Leichsenring, Jbid. 21, 440 
(1945)). These four nutrients were selected 
because previous surveys had indicated that 
they are likely to be the limiting nutrients 
in most diets. The 1948 Recommended 
Dietary Allowances of the Food and Nutri- 
tion Board of the National Research Coun- 
cil (see Nutrition Reviews 6, 319 (1948)) 
were used to calculate the recommended 
intakes of these nutrients. The intakes of 
each family were reported as excellent when 
they met the recommended intake, good 
(80 to 99 per cent of the recommended 
intake), fair (50 to 79 per cent of the recom- 
mended intake), and poor (less than 50 
per cent of the recommended intake). 

A large number of the families received 
inadequate quantities of calcium and thia- 
mine. The intakes of these nutrients equaled 
the recommended intakes in only approxi- 
mately one fifth of the families. In contrast, 
60 per cent of the families received excellent 
intakes of riboflavin. Ascorbic acid intakes 
were inadequate in a large number of the 
families, with 40 per cent receiving poor or 
fair quantities of this vitamin. 

It was pointed out that the nutritive value 
of the diets could be considerably improved 
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without additional financial expense. None 
of the families used dried skim milk and 
many spent considerable money on sweet 
bakery products, potato chips, and canned 
soups. By using the money spent on the 
latter three items to buy dry skim milk the 
calcium intakes of 99 per cent of the fami- 
lies would have been excellent. 

Thiamine intakes would have been im- 
proved by the substitution of whole grain 
cereal and enriched bread for the refined 
cereal products. This change plus the use of 
dry skim milk would have permitted 85 
per cent of the families to obtain excellent 
intakes of thiamine. Changes in meat buy- 
ing habits with greater use of lean pork 
cuts would have further improved thiamine 
intakes. 

The changes suggested to improve thia- 
mine and calcium intakes would also have 
considerably improved riboflavin intakes. 


[April 


The changes in food buying habits which 
were suggested to improve the intakes of 
thiamine and calcium entailed no additional 
expenditure of money. These changes would 
result in no significant increase in the intake 
of ascorbic acid. A large number of families 
receiving inadequate intakes of this vitamin 
would have to purchase additional citrus 
fruits to meet the requirement. This would 
involve some additional expense. 

Perhaps the most important considera- 
tion to be derived from this report is the pos- 
sibility of improving the nutritive value of 
the diet without increasing the food budget. 
Field workers advising families in food pur- 
chases can do a great deal to improve the 
general nutritional status of the population 
by giving judicious advice as to which food 
items will supply the important nutritional 
factors. 


GROWTH STIMULATION FROM SYNTHETIC ESTROGENS 


The synthetic estrogens stilbestrol and 
diethy|stilbestrol when implanted into grow- 
ing cattle or lambs increase growth rate 
and efficiency of feed utilization. This 
observation has been reported by a number 
of investigators (R. M. Jordan, J. Animal 
Sci. 9, 383 (1950); C. C. O’Mary et al., 
Ibid. 11, 656 (1952); T. M. Means, F. N. 
Andrews, and W. M. Beeson, Jbid. 12, 
176 (1953)). The mechanism by which the 
estrogen implants induce body weight in- 
creases has not been established. It is of 
interest that these same compounds exert 
a growth inhibition in rats and this is ex- 
plained as due to an inhibition of pituitary 
growth hormone. 

M. T. Clegg and H. H. Cole (J. Animal 
Sci. 18, 108 (1954)) have reported an 
investigation in which attempts were made 
to ascertain the mechanism of growth stimu- 
lation in ruminants by synthetic estrogens. 
It was established that stilbestrol implants 
(60 mg. per steer) resulted in increased 


nitrogen retention. In nitrogen balance 
studies it was observed that this treatment 
had no influence on fecal nitrogen but pro- 
duced a significant decrease in the urinary 
nitrogen excretion, thus indicating a true 
nitrogen storage. Nitrogen retention was 
also improved by synthetic estrogen in 
lambs in the studies by C. K. Whitehair, 
W. D. Gallup, and M. C. Bell (/bid. 12, 
331 (1953)) whereas O’Mary and associates 
(loc cit.) reported no difference in nitrogen 
retention in treated and untreated lambs. 
Clegg afid Cole also conducted assays to 
determine the effect of stilbestrol implants 
on adrenocorticotropic activity, and growth 
hormone activity. The pituitary glands of the 
stilbestrol-treated animals were in all cases 
significantly larger than those of the controls. 
The adrenal gland was likewise hyper- 
trophied and histologic measurement of the 
cortex indicated an increase in width due 
to treatment. The thyroid glands of treated 
animals were also enlarged, but this effect 
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was less consistent and less pronounced 
than was observed with the pituitary and 
adrenal. The hypertrophy in the endocrine 
glands was consistently more pronounced 
in steers than in heifers. 

The amount of growth hormone in the 
anterior pituitary of  stilbestrol-treated 
heifers was about twice that found in con- 
trol animals, based on assays with hypo- 
physectomized rats. On the other hand, 
treated steers were very little different 
from controls, although the amount of 
growth hormone in the glands of treated 
animals was in all cases slightly less than 
that found in controls. 

Using regression of thymus weight in 4 
day old rats, assay for adrenocorticotropic 
hormone indicated there was no difference 
between treated and control animals. 
Stilbestrol treatment in wether and ewe 
lambs (12 or 24 mg. implants) produced 
eosinopenic responses indicative of  in- 
creased adrenal cortical activity through an 
increased output of adrenocorticotropic 
hormone from the pituitary. 

The study of Clegg and Cole involved 340 
treated and control animals of both sexes. 
Although the results indicate definite ef- 
fects of stilbestrol in the ruminant, they 
appear to be contradictory to the estro- 
genic effects observed in most other animal 
species. Certain other observations made 
during these studies deserve mention. 
Treated steers fed in dry lot or on pasture 
with supplemental concentrates made 
greater gains than controls or than treated 
steers on pasture alone. Stilbestrol-treated 
heifers in dry lot responded less than steers 
and revealed no increase in gain over 
controls when on pasture. These results 
suggested that the effect in heifers was 
somewhat conditioned by the presence of 
endogenous estrogens. 

Stilbestrol treatment appeared to influence 
the carcass quality to a small extent. The 
per cent of treated animals in the higher 
carcass grades was less than the per cent 
of untreated; for example, only 3 treated 
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steers attained a carcass grade of prime 
whereas 45 controls were in this grade. 
The extent of fat infiltration between muscle 
fibers, known as marbling, was distinctly 
less in the treated animals. 

The predominant signs of treatment were 
masculinization and mammary gland de- 
velopment. The teats lengthened, and in a 
few steers some milk was found in the udder 
at time of slaughter seventy days after treat- 
ment: In general, these effects, however, 
had largely subsided by the end of ninety 
days following hormone implantation. In 
this study no attempt was made to estab- 
lish the extent to which stilbestrol implants 
affected estrogenic activity in the tissues 
of treated animals. 

Recognizing the possible hazard to human 
beings ingesting the meat of hormone-treated 
steers and lambs, workers at the Purdue 
Agricultural Experiment Station investi- 
gated the estrogenic activity of meat from 
treated animals (M. Stob, F. N. Andrews, 
M. X. Zarrow, and W. M. Beeson, J. 
Animal Sci. 18, 138 (1954)). Beef was 
obtained from steers slaughtered one hun- 
dred and forty days after estrogen implanta- 
tion (0, 60, or 120 mg. implants of stilbestrol, 
and 80 mg. implants of dienestrol). Lamb 
muscle was secured from wethers slaughtered 
four, eight, ten and twelve weeks after 
treatment (12 or 24 mg. implants of stil- 
bestrol). Usually the meat assayed was 
neck and trim consisting of 70 per cent lean 
and 30 per cent fat. Entire chicken car- 
casses (treated and control) were also as- 
sayed. Treatment in chicks consisted of a 
12 mg. stilbestrol pellet implanted sub- 
cutaneously. 

One part of a commercial chick ration 
and 5 parts of the ground test meat con- 
stituted the ration, and castrated female 
mice served as animals in the ten-day assay. 
Uterine weight response was the measure 
of estrogenic activity. With this assay, 
residual estrogen could be demonstrated in 
the meat of treated animals. In steers both 
muscle and liver contained residual activity 
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following implantation with 120 mg. of stil- 
bestrol whereas in lambs activity was ob- 
served only in muscle. In chicken the amount 
of hormone present was reduced rapidly 
with time after implantation whereas with 
lambs this loss of activity with time was 
slight. These workers concluded that the 
amount of hormone present in beef muscle 
and liver did not exceed 0.01 microgram per 
gram of dried tissue and 0.10 microgram in 
the case of lambs and chickens. 

F. Whiting, R. D. Clark, and C. E. 
Allen (Canad. J. Agr. Sci. 34, 288 (1954)) 
reported a study in which 12-milligram 
pellets of diethylstilbestrol were implanted 
in the neck of lambs one hundred and four 
to one hundred and ten days prior to slaugh- 
ter. Samples of kidney fat, shoulder muscle 
and liver were assayed for hormone activity 
in female rats 21 to 23 days of age. The 
tissue concentrations, calculated from uter- 
ine responses in the assay animals, indicated 
kidney fat contained 3 to 7, shoulder muscle 
0.4 to 2.8 and liver 0.2 to 4 micrograms of 
estrogen per 100 g. of fresh tissue. In this 
study the authors concluded that there was 
no particular advantage gained from im- 
planting diethylstilbestrol. The approxi- 
mate 10 per cent increase in body weight 
gains that were obtained from this treatment 
was all accounted for in increased tissue 
moisture content and an increase in offal. 
Moisture in round of leg for treated lambs 
averaged 55.0 per cent, contrasted with 
50.8 per cent for untreated lambs. 

W. 8S. Wilkinson, A. L. Pope, P. H. 
Phillips, and L. E. Casida (J. Animal Sei. 
13, 684 (1954)) reported blood and liver 
composition data on treated (15 mg. im- 
plant of diethylstilbestrol per lamb) and 
untreated lambs. Estrogen-treated lambs 
had lower hematocrits and higher levels of 
plasma (free) cholesterol fibrinogen 
than controls. No effects were noted on 
plasma glucose, albumin, ester cholesterol, 
or neutral fat. Total cholesterol in plasma 
was increased, but not significantly. A sig- 
nificantly greater amount of total liver dry 
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matter and a significantly smaller amount 
of liver ester cholesterol were found in the 
treated lambs. 

The need for improved methods for the 
analysis of tissue residues of estrogen in 
animal tissues was stressed by C. E. Swift 
in a recent paper (Food Research 19, 402 
(1954)). Swift developed a chemical test 
that was applied to the tissue of a lamb, a 
steer and poultry. The method was in- 
tended for estimation of free diethylstil- 
bestrol. Although no evidence of the pres- 
ence of synthetic estrogen was found in 
treated lamb or steer, small amounts were 
detected in the liver and skin of treated 
poultry. Swift concluded that further pre- 
cision in methods is necessary to rule out 
the possibility of residues that are not 
detected by present procedures of combined 
synthetic estrogen in treated animal tissues. 

Recent observation indicates that the 
daily oral intake of 2.5 to 10 mg. of diethyl- 
stilbestrol in fattening steers produces 
body weight increases of as much as 35 
per cent over controls (W. Burroughs 
et al., Science 120, 66 (1954)). These workers 
observed that oral synthetic estrogen 
produced the weight increases without some 
of the undesirable effects associated with 
the implantation of the estrogens. For 
example, feeding the growth stimulants ap- 
peared not to affect carcass quality, or to 
induce some of the undesirable changes in sex- 
ual tissues. The growth stimulatory effect 
from feeding synthetic estrogen has been con- 
firmed (H. G. Luther, et al., J. Animal Sci. 
13, 1025 (1954); B. Taylor, W. H. Hale, 
and Burroughs, Jbid. 13, 1032 (1954)). 

The practice of using stilbestrol or other 
synthetic estrogens as a conditioning supple- 
ment in the fattening of meat animals is 
viewed with caution by D. W. Snair, 8. E. 
Jaffray, H. C. Grice, and L. I. Pugsley 
(Canad. J. Biochem. Physiol. 32, 41 (1954)). 
These workers noted that, although results 
obtained with experimental animals (rats) 
cannot be compared directly to effects that 
may be produced in man, male rats receiv- 
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ing 7.5 micrograms of stilbestrol daily ex- 
hibited serious impairment in reproductive 
capacity. 

That synthetic estrogens increase body 
weight gains in fattening animals seems well 
established. The mechanism by which this 
effect is brought about is, however, not clear 
at present, although the study of Clegg and 
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Cole indicates strongly that endocrine 
gland metabolism is involved. More data 
are obviously needed regarding the chemical 
make-up of the increase in body gain and 
the effect on carcass quality which, based 
on present evidence, seems to be somewhat 
reduced when estrogens are used in fatten- 
ing rations. 


VITAMIN B,, DISTRIBUTION IN NATURE 


It is well established that unlike other 
vitamins or their precursors, vitamin By» 
is not present in significant amounts in 
higher green plants or in ordinary foods of 
vegetable origin. Such plants lack the 
ability to synthesize this vitamin. This is a 
unique situation since animal tissues also 
lack this ability. The sole original sources of 
vitamin By in nature appear to be bacteria, 
a few fungi, and perhaps certain other 
microorganisms. As yet, vitamin By,» has 
not been produced synthetically. 

It is well known that vitamin By (once 
called the “animal-protein factor’’) is 
widely distributed in foods of animal 
origin, such as meat, milk, eggs, and products 
derived therefrom (Nutrition Reviews 1, 
210 (1949)). Best sources of vitamin By are 
dried cells of a variety of bacteria and fungi. 
Such residues are widely used in animal 
feeds. Several papers giving results of 
assays of animal tissues, foods and feed- 
stuffs are available, including those of H. T. 
Peeler and co-workers (J. Nutrition 43, 
49 (1951)), U. J. Lewis, U. D. Register, 
H. T. Thompson, and C. A. Elvehjem 
(Proc. Soc. Exp. Biol. Med. 72, 479 (1949)), 
W. J. Robbins, A. Hervey, and M. E. 
Stebbins (Bull. Torrey Bot. Club TT, 423 
(1950); 78, 363 (1951)), and H. E. Scheid 
and B. 8. Schweigert (J. Nutrition 53, 419 
(1954)). 

Since normal animal tissues do not 
synthesize vitamin By, this substance in 
these tissues is derived from the diet (from 
microbial sources directly or indirectly), or 


from synthesis by microorganisms in the 
digestive tract or rumen (reviewed by T. H. 
Jukes and W. L. Williams in “The Vita- 
mins,” Vol. I, p. 476, Academic Press, New 
York (1954)). 

The question of whether vitamin By is 
synthesized by green plants has been of 
fundamental interest. Even before the 
isolation of vitamin By a number of workers 
demonstrated that unidentified factor ac- 
tivity, later found to be vitamin By, was 
absent or low in plant materials (M. Rubin 
and H. R. Bird, J. Biol. Chem. 163, 387, 
393 (1946); C. A. Cary and A. M. Hartman, 
“Yearbook of Agriculture,” p. 779, U. S. 
Dept. of Agriculture (1947); L. M. Zucker 
and T. F. Zucker, Proc. Soc. Exp. Biol. 
Med. 68, 432 (1948); and others). There has 
been some question as to whether alfalfa 
and grass contain vitamin By», but recent 
studies with better assay procedures have 
demonstrated that such green plants are 
devoid of true vitamin By activity (E. M. 
Bickoff, A. L. Livingston, and N. 8. Snell, 
Arch. Biochem. 28, 242 (1950); R. L. 
Jacobs, J. F. Elam, J. H. Quisenberry, and 
J. R. Couch, Poultry Sct. 32, 812 (1953)). 

With this background of information the 
finding that various seaweeds (algae) were 
relatively rich sources of vitamin By, as 
reported by Z. G. Banhidi and L. E. Ericson 
(Acta chem. Scandinav. T, 713 (1953)) and 
by Robbins et al. (loc. cit.) is of interest. 
The finding is important because seaweed 
could very conceivably become an_ in- 
expensive source of vitamin By» and because 
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this is the highest type of plant known to 
contain appreciable amounts of vitamin By. 
As much as 1 microgram of vitamin By per 
gram of dried material was found, which is as 
rich as the best known animal products. 

A recent paper by L. E. Ericson and L. 
Lewis (Arkiv f. Kemi 6, 427 (1953)) sheds 
further light on the source of vitamin By in 
seaweed. It was found that seaweed did not 
have the ability to synthesize vitamin By 
but that closely associated bacteria pro- 
duced the vitamin with eventual concentra- 
tion by seaweed. 

Twenty-five different species of marine 
algae were investigated using FE. coli and L. 
lactis Dorner as test organisms (cup plate 
method). Chromatographic and ionophoresis 
technics were used for separation of the 
various forms of vitamin By». Twenty-three 
species contained vitamin By in amounts 
varying from 0.004 to 2.8 micrograms per 
gram on a dry weight basis. Green types of 
algae were richer in vitamin By» than red or 
brown types. It is of interest that the 
authors found evidence for at least four 
types of vitamin By in algae. One of these 
was a new type with properties differing 
from known types to which they assigned 
the term vitamin By,. Animal activity of 
this new form was not reported. 

Studies were made on bacterial cultures 
found closely associated with seaweed. Of 
34 different cultures, isolated with the use 
of several types of mediums, 24 partially 
identified cultures were able to synthesize 
significant amounts of vitamin By (0.005 to 
0.14 micrograms per milliliter of broth). 
The bacteria studied were motile rods and 
all were facultative aerobes. They produced 
the same type of vitamin By factors oc- 
curring in algae, as determined by bio- 
autographic separation ; however, the propor- 
tion of pseudovitamin By to other types was 
higher. The bacteria cultures isolated from 
the algae produced a greater yield of sub- 
stances with vitamin By activity when grown 
together than when grown separately. 

It is interesting that the concentration of 
vitamin By in seawater itself appeared very 
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low. No vitamin By activity could be de- 
tected in brackish water concentrated one 
thousand times. Attempts to adsorb the 
vitamin in seawater on charcoal were also 
unsuccessful. Thus, the amount of vitamin 
By found in marine algae could hardly be 
accounted for by direct accumulation from 
the seawater itself. 

As further evidence for the lack of ability 
of the algae to synthesize vitamin By, un- 
published experiments (R. Scott and L. E. 
Ericson) were cited by Ericson and Lewis 
(loc. cit.) in which seaweeds were grown in 
tanks containing radioactive cobalt under 
relatively sterile conditions. No indication 
was found that vitamin By» was produced by 
the alga itself. 

The authors concluded that the original 
source of vitamin By in seaweed was the 
bacteria living epiphytically on the algae. 
After production of the vitamin by the 
bacteria the plant is able to take up and 
store the factors, producing a concentration 
of from twenty to one hundred twenty 
times. Studies were made showing that 
vitamin By was adsorbed on the cell wall of 
the plant. No evidence was found that the 
vitamin By factors were actually needed by 
the algae. 

Another recent study presents an im- 
proved animal assay for vitamin By» activity 
and compares the results thereof with 
microbiologic activity (R. J. Lillie and 
co-workers, Poultry Sci. 33, 686 (1954)). In 
the animal assay depleted chicks, 14 days of 
age, were used. They were hatched from 
eggs obtained from hens fed a vitamin By- 
deficient ration. The chicks were given a 
diet consisting of 23 to 43 per cent of corn, 
3 per cent of alfalfa meal, and 50 to 70 per 
cent of soybean meal, supplemented with 
necessary vitamins and minerals. In an 
assay period consisting of only fourteen 
days a straight line growth response was 
obtained with graded levels of vitamin By, 
from 0 to 1 microgram per 100 g. of diet. 
Microbiologic assays were made with L. 
leichmannii by USP procedure. 

The above biologic assay was used for a 
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study of the distribution of vitamin By in a 
variety of products. By the chick assay 
method the best sources of vitamin By». were 
the fermentation products used in com- 
mercial channels. These ranged from 1 to 14 
micrograms per gram depending on the 
sample. Animal products such as fish meal, 
meat scraps, dried buttermilk, dried whey, 
dried skim milk, and fish solubles each 
contained less than 1 microgram per gram 
except for a sample of liver powder which 
contained 5.7 micrograms per gram. Prep- 
arations obtained from sewage sludge were 
especially rich in vitamin By», containing as 
much as 2.4 micrograms per gram in one 
instance. It is of interest that sewage sludge 
has been found to be a satisfactory source of 
vitamin By, for the pig by H. E. Schendel 
and B. C. Johnson (J. Agr. Food Chem. 2, 
23 (1954)). A sample of concentrated grass 
juice contained less than 0.1 microgram of 
vitamin By, per gram. 

When the chick assays were compared 
with the microbiologic assay good agreement 
was found in most samples of fish meal 
studied, as well as in the activated sewage 
sludge, crab meal, dried skim milk, and 
dried whey. Poor agreement was obtained 
with egg yolk which gave much higher 
results with the chick assay. Relatively poor 
agreement was also obtained with com- 
mercial vitamin By concentrates, several 
samples of ‘“‘fish solubles,” and two liver 
concentrates. The authors point out that 
other factors, such as unidentified vitamins, 
may have influenced the chick assay which 
would account for the differences obtained. 
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The need for further investigations on 
vitamin By: assays is evident. In the studies 
of Lillie and co-workers it is obvious that 
factors other than vitamin By,» may influence 
the results. The influence on the assay of 
methionine and choline, known to spare the 
requirement for vitamin By, is not given. 
Sources of unidentified factors not contain- 
ing vitamin By, should be included in the 
ration, if possible. Another disadvantage of 
the suggested assay is the need for main- 
taining a separate colony of breeding hens 
and incubation facilities. Most laboratories 
do not have such facilities. However, in 
spite of these shortcomings, of which the 
authors were aware, it is extremely im- 
portant that such comparisons between 
methods of assay be studied. Assays of 
vitamin By activity with the animal are 
useful as a guide for the accuracy of micro- 
biologic assays used for routine purposes. 

It is of considerable interest that only the 
very lowest forms of plant life are able to 
synthesize vitamin By. Such synthesis ap- 
pears to be the original source of vitamin B, 
regardless of where it is eventually found (in 
such varied sources as animal tissues, soil, 
pond water, plants, milk, etc.). Perhaps this 
is one of the principal reasons that vitamin 
By has such economic and nutritional im- 
portance in many farm animals and in man. 
Further studies on the assay and distribution 
of vitamin By» are needed. Also needed are 
studies on the distribution of various forms 
of vitamin By and their relative microbial 
and animal activity. 


INSULIN AND FAT METABOLISM 


Human obesity is a major public health 
problem in its own right; moreover, the 
statistical association of obesity with dia- 
betes mellitus and atherosclerosis has led 
many investigators to regard these disorders 
as being metabolically related. Thus, by 
extension, the whole of fat metabolism and, 
in particular, those factors which influence 


the rate at which fat accumulates and is 
broken down in the body have become 
matters of practical concern to physicians 
and nutritionists. 

Fat synthesis and degradation are under 
three general forms of control: enzymatic, 
hormonal and nervous. It is now recognized 
that hormonal and nervous influences do 
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not initiate the reactions within cells as- 
sociated with fat synthesis and fat oxidation, 
but regulate the rate at which such reactions 
proceed. 

The most important hormone affecting 
anabolism and catabolism of fat is insulin. 
In diabetes mellitus and in the “diabetes” of 
carbohydrate starvation, fat synthesis is 
profoundly depressed and fat oxidation 
greatly accelerated. In order for glycolysis 
(breakdown of glucose or glycogen to 
pyruvate) leading to production of two- 
carbon fat precursors to continue, glucose 
must be able to enter cells readily. This 
it cannot do without an effective supply of 
insulin. It also seems likely that the process 
of fat synthesis from two-carbon fragments, 
whether derived from fat or carbohydrate, is 
linked to glycolysis in that the energy 
needed for fat synthesis must be derived from 
the glycolytic process. 

F. X. Hausberger, 8S. W. Milstein, and 
R. J. Rutman (J. Biol. Chem. 208, 431 
(1954)) have studied the influence of insulin 
on glucose utilization in adipose and hepatic 
tissues in vitro. They compared the relative 
abilities of liver and of adipose tissue to 
form fat by measuring the rates of conversion 
of radioactive glucose to fatty acids and 
carbon dioxide by both tissues. In normal 
rats, as anticipated, radioglucose was 
utilized for lipogenesis and was oxidized by 
liver and adipose tissue. By contrast, liver 
and adipose tissue of animals made diabetic 
by treatment with alloxan were incapable of 
converting glucose into fat. Of particular 
interest was the finding that insulin ad- 
ministration to the living diabetic animal 
restored the ability of the liver and adipose 
tissues in vitro to make fat, and that con- 
tinuation of insulin treatment promoted 
high levels of fat synthesis in both tissues. 

Thus, administration of insulin to the 
alloxan-diabetic rats not only accelerated 
glucose metabolism to carbon dioxide and 
fat but also altered the channeling of energy 
so that much more fat was produced. Ap- 
parently a greater percentage of the energy 
derived from glucose oxidation in the fatty 
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tissues is channeled by insulin action into 
fat than is the case in the liver. 

Hausberger and his associates calculated 
that under the influence of insulin the 
lipogenic capacity of liver in vitro may be 
enhanced to well above one hundred times 
the normal level, while that of adipose 
tissue under the same hormonal influence 
increases only to ten times its usual value. 
The same investigators point out that it is 
not accurate to speak of adipose tissue as 
being metabolically inert. Adipose tissue 
appears inert only if correction is not made 
for the large mass of triglyceride usually 
stored in the depots. If the large difference 
between lipid and protein content of liver 
and adipose tissue is taken into account, it 
can be demonstrated that adipose tissue is 
far more active both in oxidizing glucose and 
in converting glucose to fat than liver. An 
excess of insulin has a more marked effect 
on lipogenesis in both tissues than upon 
glucose oxidation. 

In a related study, T. T. Hutchens, J. T. 
Van Bruggen, R. M. Cockburn, and E. 8. 
West (J. Biol. Chem. 208, 115 (1954)) have 
reported the effect of fasting upon tissue 
lipogenesis in the rat. They compared the 
ability of liver, gut, carcass and skin to syn- 
thesize fat in intact adult rats fasted for one, 
eighteen, ninety-six and two hundred and 
forty hours. Acetate-1-C' was used as the 
tracer, and incorporation as per cent of 
dose was reported for total fatty acid and 
total cholesterol fractions of the four tissues. 
Specific activities for these lipids and total 
respiratory carbon dioxide and C™Q, col- 
lections during the four-hour experimental 
periods also were determined. 

Values for the one-hour fast were taken 
as 100 per cent and fasting responses were 
related to this baseline. After the eighteen- 
hour fast, liver fatty acids showed a drop to 
17 per cent of normal in the figures for per 
cent incorporation. Only slightly less de- 
crease in gut and carcass fatty acid incorpo- 
ration occurred, whereas skin incorporation 
of the label fell to 36 per cent of normal. 
Differences between fatty acid incorpora- 
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tion in the four tissues were less apparent 
after ninety-six and two hundred and forty 
hours of fasting. Liver cholesterol incorpora- 
tion also showed a considerable decrease in 
the first eighteen-hour period and again 
a great drop in the subsequent seventy-eight 
hours. In other tissues similar but less 
pronounced decreases were observed as 
fasting progressed. 

Data on carbon dioxide collections dis- 
closed that the total per cent incorporation 
of C'-acetate in respiratory carbon dioxide 
was maintained during the fasting period. 

The findings of Hutchens and co-workers 
indicate that oxidation of radioacetate is not 
impaired during fasting even though in- 
corporation of the label into fat is greatly 
decreased. They regard the susceptibility of 
liver tissue to fasting as being consistent 
with the well known lability of liver glycogen 
stores. 

In summarizing the reports of Hausberger 
et al., and of Hutchens and associates, it may 
be reiterated that fat synthesis requires an 
intact glycolytic mechanism and, perhaps, 
a relative excess of two-carbon fragments. 
During a fast, glycolysis is curtailed because 
(1) carbohydrate intake ceases, (2) hormones 
which act to block entrance of glucose into 
non-nervous cells are secreted in increased 
amounts, and (3) insulin production is 
diminished. Accordingly, fat synthesis is 
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inhibited during starvation and also in 
uncontrolled diabetes mellitus, presumably 
for the same reasons in each case. 

When an excess of insulin is present in the 
intact animal and carbohydrate intake is 
not limited, glucose is readily transferred 
into cells and there becomes available for 
glycolysis. The excess portion of glucose 
which is not stored as glycogen or terminally 
oxidized in the Krebs cycle presumably is 
transformed via acetyl coenzyme A into fat. 
Since this reaction requires energy, the 
energy produced during glycolysis is utilized 
for the lipogenic process. 

In addition to calling attention to the 
lipogenic capacity of adipose tissue, Haus- 
berger and his associates have shown that 
liver and adipose tissue both synthesize fat 
preferentially under insulin influence. 
Whether such increased lipogenesis repre- 
sents some direct action of insulin within 
the cell or merely results from an enhancing 
effect of insulin on cellular permeability to 
glucose is an unresolved question. However, 
the relevance of studies of this kind to the 
problem of obesity in man is clear. The de- 
pendence of fat synthesis upon available 
carbohydrate and the fact that lipogenesis 
can be so greatly accelerated by an excess 
of insulin should be important considerations 
when experimental weight reduction diets 
are planned. 


ANTIBIOTICS AND NITROGEN METABOLISM 


A clear-cut function of antibiotics in 
stimulating the growth of animals has been 
demonstrated in two situations. Substitu- 
tion of cleanliness for antibiotic resulted in 
as good and in some cases better growth 
than could be obtained with antibiotic feed 
supplements in chicken experiments (Nutri- 
tion Reviews 10, 270 (1952)). Rats and 
chickens have been observed to make im- 
proved weight gains with antibiotic-supple- 
mented rations if the B-vitamin supply in 
the ration is limited. This is indirect evi- 
dence that the antibiotic effect is due to a 


sparing effect on the vitamin requirements 
(Ibid. 10, 107 (1952)). 

Some physiologic investigations have in- 
dicated that storage of energy as fat is in- 
creased when the diet of growing animals is 
supplemented with antibiotics (A. Black 
and J. W. Bratzler, J. Nutrition 47, 1459 
(1952); L. KK. Knoebel and Black, /bid. 48, 
477 (1952); E. W. Hartsook and B. C. 
Johnson, Jbid. 61, 205 (1953)). In these 
investigations there was no indication that 
the antibiotics influenced protein require- 
ment or storage. 
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R. M. Forbes (J. Nutrition 63, 275 
(1954)) has reported a carefully conducted 
experiment designed to evaluate the in- 
fluence of dietary antibiotic on nitrogen 
metabolism in weanling rats. A complete 
diet containing soybean oil meal at a level 
to provide 12 per cent of crude protein was 
used. This was supplemented with anti- 
biotics (streptomycin and chloromycetin 
at levels of 100 and 20 parts per million 
(p.p.m.) respectively), or with methionine 
(0.3 per cent), or with both antibiotics and 
methionine. The biologic value of the pro- 
tein in the basal and the three supplemented 
diets was determined under the conditions 
of equalized feed intake. The biologic value 
of the protein was expressed as the per cent 
of absorbed nitrogen of the ration that was 
retained by the animals for use either for 
maintenance or for growth (gain of nitro- 
gen). 

The effect of methionine supplementation 
of the basal ration was what would be 
expected. It stimulated growth and greatly 
increased nitrogen retention, which are 
indications of a methionine deficiency of 
the protein in the basal ration. In spite of 
increased growth, fat storage was not in- 
creased in the methionine-supplemented 
animals. 

Antibiotic supplementation of the diet 
consistently resulted in slightly improved 
digestibility of the nitrogen in the ration. 
The antibiotics also significantly decreased 
the excretion of endogenous nitrogen. A 
decrease of 16.8 per cent was observed in the 
four trials reported. This would imply that 
of the nitrogen absorbed less was being 
used for maintaining the nitrogen-contain- 
ing tissues of the body, hence more would 
be available for the building of new nitrogen- 


containing tissue (body gain of nitrogen). 
The net effect of the antibiotics was a 
slightly increased body weight gain and an 
improvement in the retention of feed nitro- 
gen. This was expressed in an over-all 
increase in positive nitrogen balance of 
approximately 7.5 per cent in the four trials 
reported. The increased nitrogen retention 
was slightly greater in the absence of dietary 
methionine supplement than in its presence. 

The observation that endogenous nitro- 
gen excretion was lowered by antibiotic 
feeding prompted Forbes to investigate 
the basal metabolic rate. No reduction in 
basal metabolic rate was observed that 
could explain the decrease in endogenous 
nitrogen excretion. However, the metabolic 
rate data were obtained in the latter phases 
of the experiment when the antibiotic 
effect on growth was much less evident than 
during the first few weeks of the experiment. 
This is an observation that is not uncom- 
mon in antibiotic studies. In many reported 
experiments with chicks and pigs as well 
as rats there is an initial rapid response to 
the antibiotics, following which the growth 
rates tend to equalize (L. J. Pecora, J. 
Nutrition 49, 621 (1953)). The marked 
effect of the antibiotics in reducing endog- 
enous nitrogen excretion would imply that 
in some way body tissue metabolism is af- 
fected directly rather than indirectly as 
through modification of intestinal microbial 
populations. 

The results of Forbes are in conflict with 
those of Knoebel and Black (loc. cit.) who, 
through equally carefully detailed studies, 
were unable to detect any influence of anti- 
biotics (streptomycin and aureomycin) on 
nitrogen metabolism. 


CHRONIC PYRIDOXINE DEFICIENCY IN THE RAT 


The major effects of pyridoxine deficiency 
have been established as retarded growth, 
microcytic anemia, skin lesions (particularly 


of the nose, paws and tail), increased uri- 
nary excretion of xanthurenic acid (a 
breakdown product of the amino acid tryp- 
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tophan) and alterations in the general 
amino acid metabolism. N. 8. Olsen and W. 
E. Martindale (J. Nutrition 68, 317 (1954)) 
have re-examined pyridoxine deficiency in 
the rat and have contributed additional 
information on some of the controversial 
aspects of the deficiency symptoms. 

Weanling male rats were fed a complete, 
highly purified ration for four weeks. This 
diet consisted of 24 per cent casein, 62 per 
cent dextrose, 10 per cent fat, and 4 per 
cent salt mixture as well as all the necessary 
vitamins. The initial four-week period on a 
complete ration served to establish the nor- 
mal growth rate and blood pressure level. 
After such ‘‘conditioning” the animals were 
divided into four groups, (1) those continued 
on the complete ration ad libitum, (2) 
those receiving a commercial stock ration, 
(3) those made deficient by feeding the 
purified ration in which pyridoxal was re- 
placed by the antimetabolite desoxypyri- 
doxine, and (4) those receiving the com- 
plete, synthetic ration in amounts just 
sufficient to support body weight at the same 
level as the deficient ration fed to group 3. 
The deficient group was further subdivided 
after four weeks, some of the animals con- 
tinuing to receive the desoxypyridoxine 
supplement while the remainder received 
simply a pyridoxine-deficient ration. 

The inclusion of the antivitamin in the 
diet led to the appearance of deficiency 
symptoms in little more than one week. 
Weight loss, severe diarrhea, skin lesions, 
edematous paws and convulsions were 
clearly present in the deficient rats. Mor- 
tality was so high that the antivitamin was 
dropped from the diets of most experimental 
animals. The administration of pyridoxal in 
sufficient quantity cleared up the deficiency 
symptoms. 

Blood pressure measurements were made 
at three-day intervals throughout the ex- 
periment. The various control groups (both 
ad libitum and restricted feeding) main- 
tained systolic pressures very close to the 
starting level for all groups, 119 mm. of 
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mercury. (The standard error of +1 mm. 
shows a remarkable consistency of blood 
pressure from animal to animal.) The blood 
pressures of the deficient rats were signifi- 
cantly elevated. Similarly, normal mature 
animals showed an elevation of blood pres- 
sure after being fed desoxypyridoxine for 
four weeks. The addition of pyridoxal to the 
ration lowered blood pressure significantly 
in three to four days. 

The urinary excretion of xanthurenic 
acid (formed from the amino acid trypto- 
phan) was increased fifteen- to twenty-fold 
in the pyridoxine-deficient animals. Rats 
receiving the complete diet in reduced 
amounts showed a five-fold increase in 
xanthurenic acid excretion. Again, adminis- 
tration of pyridoxal reduced xanthurenic 
acid excretion to normal levels. While 
microcytic anemia has been reported to 
occur in pyridoxine deficiency, Olsen and 
Martindale found no significant changes in 
red cell counts and hemoglobin values of 
their deficient animals. On the other hand, 
the total white cell counts decreased sig- 
nificantly in the deficient animals. 

Extensive histologic studies of tissues 
from control and deficient animals failed to 
show any lesions attributable to the pyri- 
doxine deficiency. The authors fail to state 
whether they used more than routine stain- 
ing methods. It may be that the more re- 
fined technics of cytochemistry are neces- 
sary to reveal any structural alterations 
which may exist in conjunction with the 
known metabolic changes. The histologic 
part of the study did not reveal lesions of 
the vascular system or the kidneys which 
might account for the high blood pressures 
observed. 

It is especially important to point out 
that at least 170 rats were employed in the 
four experimental and control groups. The 
paper shows other evidences of extensive 
work in the large numbers of determinations 
made of blood pressure, xanthurenic acid 
excretion, blood counts, ete. 

In a companion paper (J. Nutrition 53, 
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529 (1954)) these same authors reported on 
organ weights, vitamin Bs content of liver 
and kidney, and oxygen consumption of 
liver and kidney of chronically pyridoxine- 
deficient and control animals. The diets 
and other experimental arrangements were 
identical with those discussed above. Organ 
weights, expressed per 100 g. of body weight, 
were increased in the deficient animals for 
adrenals, heart, liver and kidneys. Perhaps 
this effect can in part be explained on the 
basis that such vital organs are less affected 
by this specific vitamin deficiency than are 
tissues such as muscle which, percentage- 
wise, contribute more heavily to the total 
body weight. This offers no explanation 
of the differential growth under adverse 
conditions. The question is a part of the 
yeneral problem of differential growth of 
organs and organisms which has _ long 
fascinated biologists. 

The ‘vitamin content of liver and 
kidney was determined microbiologically 
using the yeast Saccharomyces carlsbergen- 
sis as the test organism. Growth of the 
yeast is in general proportional to the 
amount of vitamin Bs present in the tissue 
preparation on which it is grown. All other 
essential growth factors must of course be 
supplied in adequate amounts. As was ex- 
pected, the vitamin Bs, content of livers 
and kidneys from deficient animals was 
lower than that of control rats. These 
levels were quickly restored to normal (four 
weeks or less) when the animals were 
supplied with the vitamin. The term ‘‘vita- 


min Bg,” is used in connection with a micro- 
biologic assay of this sort because the test 
does not permit evaluation of the indi- 
vidual concentrations of the four vitamers— 
pyridoxine, pyridoxal, pyridoxamine and 
pyridoxal phosphate. 

Studies of the oxygen consumption of 
homogenized liver and kidney gave indica- 
tions of profound changes in tissue metab- 
olism. For deficient animals the oxygen 
uptake of both organs was significantly 
diminished below that of tissue from con- 
trol rats. The addition of pyridoxal directly 
to the respiring homogenates considerably 
increased the oxygen uptake of the deficient 
tissues but did not restore it completely to 
the control levels. It might be argued that 
the diminished oxygen uptake was due in 
part to the lack of a critical vitamin and in 
part to the restricted caloric intake of the 
deficient animals prior to being killed. 
It is unfortunate that critical controls— 
rats on a complete diet but with food intake 
restricted to the level of the deficient ani- 
mals—were not used or were not reported 
for this part of the experiment. The authors 
speculate on the possible role played by the 
altered tissue metabolism in the causation 
of the elevated blood pressures observed in 
the pyridoxine-deficient animals. They en- 
tertain the possibility that in the absence of 
the vitamin certain amines, formed from 
the amino acids, may not be removed at a 
sufficiently rapid rate. Such amines are 
known to be capable of elevating blood pres- 
sure. 


‘ 
MERCAPTOPURINE IN LEUKEMIA 


The use of folacin antagonists in the 
clinical treatment of leukemia has been 
widely practiced with promising results 
(Nutrition Reviews 9, 143 (1951)). Its sue- 
cess has encouraged workers in this field to 
study antagonists of other metabolites and 
growth factors for this purpose. 

One recently discovered compound of 


interest used in the management of leukemia 
is 6-mercaptopurine, known to be a purine 
antagonist for certain bacteria. The entire 
subject has been reviewed by J. H. Bur- 
chenal (Cancer Research 14, 615 (1954)) who 
states that “it should be possible in the not 
too far distant future to bring the efficacy of 
the clinical chemotherapy of leukemia to a 
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level comparable to that obtained in the 
treatment of infectious disease.’’ Perhaps 
this is an overly optimistic statement, but 
certainly progress is being made. 

The use of 6-mercaptopurine for the 
treatment of leukemia and allied diseases in 
man was investigated by J. H. Burchenal 
et al. (Blood 8, 965 (1953)). The antime- 
tabolite produced good clinical and hemato- 
logic remissions in 15 out of 45 children with 
acute leukemia; 10 showed partial remis- 
sions. The dose used in most patients was 
2.5 mg. per kilogram of body weight per day. 
The purine antagonist was effective in some 
children whose disease was resistant to 
folacin antagonists or to ACTH and corti- 
sone. In contrast to folacin antagonists, 6- 
mercaptopurine appeared to have a beneficial 
effect on monocytic leukemia in children and 
seemed to work almost equally well on leu- 
kemias with high or low total leukocyte 
counts. It also has considerable value in 
adults with this disease (Burchenal, Cancer 
Research, loc. cit.). 

Additional basic studies with 6-mercapto- 
purine in experimental animals have now 
been published. H. E. Skipper, J. R. Thom- 
son, G. B. Elion, and G. H. Hitchings 
(Cancer Research 14, 294 (1954)) studied the 
effect of injected 6-mercaptopurine on 
several mice neoplasms. The usual methods 
of transplanting various tumors in mice and 
determining the effect of the drug were fol- 
lowed. It was found that the purine antag- 
onist was moderately inhibitory to Sarcoma 
180 and Adenocarcinoma E 0771 but 
markedly inhibited Adenocarcinoma 755 at 
the levels tested. Also, subcutaneous growth 
of leukemic L 1210 was inhibited by 6- 
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mercaptopurine, especially when the latter 
was given with a folacin antagonist. 

A. Goldin (J. Nat. Cancer Inst. 14, 1247 
(1954)) has studied compounds which pro- 
tect mice against the toxicity of high levels 
of 6-mercaptopurine. It was felt that knowl- 
edge of such factors would aid in the treat- 
ment of leukemia in the same manner in 
which citrovorum factor is used to control 
the toxicity of folacin antagonists in certain 
instances. 

It was found that protection against lethal 
toxicity of the drug was afforded by inject- 
ing purine ribotides (including adenylic 
acid and guanylic acid), purine ribosides 
(adenosine and guanosine), and diphos- 
phopyridine nucleotide. Pyrimidine ribo- 
tides (uridylic and cytidylic acids) were in- 
effective and free purines (adenine, guanine, 
xanthine and hypoxanthine) showed very 
little protective action at the levels tested. 
The relative inactivity of the free purines 
is interesting since it is known that these 
compounds will inhibit 6-mercaptopurine 
in a strain of Lactobacillus casei (G. B. 
Elion et al., J. Biol. Chem. 202, 647 (1953)). 

Although these studies were made with 
normal mice, it will be interesting to see if 
any of the nucleic acid derivatives will help 
to control the toxicity of 6-mercaptopurine 
in the treatment of leukemia either in man 
or in experimental animals. The results 
with this drug look encouraging, and future 
studies on the effectiveness of 6-mercapto- 
purine in leukemia and other neoplasms will 
be awaited with interest. Such studies are 
now in progress. It should be stressed that 
leukemia is usually a fatal disease and there 
is no known permanent cure. Studies such 
as these reviewed allow a hopeful attitude. 


CALCIUM AND PHOSPHORUS METABOLISM IN GROWING RATS 


A knowledge of the behavior of dietary 
calcium and phosphorus in animals is of 
importance in attempting to establish what 
should be the desirable intake of these ele- 


ments for optimum nutritional health. 
Radioactive forms of these elements have 
been employed in the University of Ten- 
nessee-Atomic Energy Commission Agri- 
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cultural Research program to learn more pre- 
cisely their behavior in farm animals (S. L. 
Hansard, C. L. Comar, and G. K. Davis, 
Am. J. Physiol. 177, 383 (1954); Hansard, 
Comar, and M. P. Plumlee, J. Animal Sci. 
13, 25 (1954)). Out of these studies came a 
procedure which permitted the partition of 
calcium in fecal excretions into endogenous 
(that coming from the body) and exogenous 
(that coming from food). The procedure is 
based on integrating fecal calcium excretion 
data from animals dosed orally with that 
from similar animals dosed intraperitoneally 
with radioactive calcium. These workers 
have recently investigated the behavior of 
calcium and phosphorus as influenced by the 
level of these elements in the diet of the 
growing rat (Hansard and Plumlee, J. 
Nutrition 54, 17 (1954)). 

The first study of this series was designed 
to determine the effect of four levels of 
dietary calcium (0.013, 0.3, 0.5 and 1.0 per 
cent) on the physiologic behavior of radio- 
calcium (Ca*) in the rat. The four diets were 
identical except for calcium carbonate in- 
clusion to attain these calcium levels. The 
phosphorus in the diets was maintained at 
the constant level of 0.4 per cent. Weanling 
rats (25 per group) were maintained on these 
diets for a conditioning period of fifty-five 
days. The animals on the 0.013 per cent 
calcium diet exhibited symptoms of low 
calcium rickets at this time. Following the 
conditioning period all animals were given 
a single dose of Ca**. Food intake and fecal 
and urinary collections were made during a 
ninety-six-hour balance study before the 
rats were killed for tissue analysis. 

Earlier findings were substantiated in 
that body stores of calcium materially af- 
fected the relative absorption of calcium 
from the intestinal tract and excretion of 
body calcium into the tract. In rats that 
were on the low calcium level a high per- 
centage of the total calcium excreted came 
from body stores (endogenous calcium). 
However, the total calcium excreted from 
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body sources increased rapidly with increas- — 


ing amounts of dietary calcium fed during 
the conditioning period. This increase in 
body calcium excretion persisted at all 
levels of dietary calcium studied. The 
endogenous calcium losses per kilogram of 
body weight per day were 8, 23, 41 and 50 
mg. respectively for animals receiving 0.013, 
0.3, 0.5 and 1.0 per cent of dietary calcium. 
These results indicate that the animal ad- 
justs its metabolic calcium losses to the 
dietary calcium available. Rats on the low 
calcium diet absorbed 98 per cent of the 
dietary calcium (true digestibility value) 
whereas those on the high calcium diet ab- 
sorbed only 45 per cent. 

From these results one might expect that 
calcium maintenance requirements would 
be greatly influenced by the nutritional 
status of the animal with respect to calcium. 
Hansard and Plumlee found actually that 
in the young growing rat receiving 24 mg. 
of calcium per day the maintenance re- 
quirement was 5 mg., whereas when it had 
been receiving 100 mg. of calcium daily dur- 
ing the conditioning period, 21 mg. were 
required to maintain balance. This obviously 
indicates that the animal’s ability to adjust 
to the calcium maintenance requirement is 
quite extensive. It emphasizes again that 
the calcium requirement must be defined in 
terms of the nutritional status of the ani- 
mal being maintained. This is in agreement 
with the observations of calcium mainte- 
nance requirements reported on adult men 
(D. M. Hegsted, I. Moscoso, and C. Colla- 
zos, J. Nutrition 46, 181 (1952)). 

The animals receiving 0.3 to 1.0 per cent 


of dietary calcium all contained about the _ 


same level of tissue calcium. Bone depletion 
of both calcium and phosphorus was severe 
in the animals conditioned to an intake of 
0.013 per cent calcium. The incisor and molar 
teeth showed less evidence of depletion than 
mandible or tibia. The teeth apparently hold 
tenaciously to calcium and phosphorus and 
therefore may be classed with soft tissues 
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for preferred deposition under calcium- 
depletion stress. 

A second phase of the study was con- 
cerned with the influence of current dietary 
intake of calcium on phosphorus behavior. 
The two dietary calcium levels selected were 
().013 and 0.5 per cent. The phosphorus level 
was maintained at 0.4 per cent. After the 
conditioning period of fifty-five days all 
animals were dosed with P*. 

Total absorption of P* averaged 73 per 
cent for animals in low calcium status and 
85 per cent for those in adequate calcium 
status. Balance studies indicated that 24 
per cent of the P*® dose was lost via urine 
in the low calcium group whereas only 11 
per cent was lost via the urine in the ade- 
quate calcium group. Since the Ca* loss 
in the low calcium group was low it is 
evident that absorbed calcium and _ phos- 
phorus do not behave alike, but are ap- 
parently metabolized differently. It appears 
that a large part of urinary phosphorus from 
animals on a diet adequate in this element 
but low in calcium is actually that which was 
absorbed from the food and subsequently 
lost via the urine. Hansard mentions unpub- 
lished data indicating a two-fold increase in 
both fecal-endogenous and urinary phos- 
phorus in rats kept on low calcium diets. 

In a third experiment study was made of 
the effects of varying the dietary phosphorus 
level upon the behavior of Ca** when the 
dietary calcium was maintained at 0.5 per 
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cent of the diet. The phosphorus levels: in 
the diet were 0.18, 0.30, 0.50 and 1.0 per 
cent. Balance studies indicated no sig- 
nificant differences between either per- 
centage of calcium or of Ca* excreted dur- 
ing the balance period. Endogenous calcium 
loss likewise did not appear to be affected 
in the rats conditioned to phosphorus in- 
takes ranging from 0.18 per cent to 1 per 
cent of the diet. These results would sug- 
gest that dietary phosphorus intake in- 
fluenced calcium metabolism less than die- 
tary calcium intake influenced phosphorus 
metabolism. It should be pointed out, how- 
ever, that the lowest phosphorus level (0.18 
per cent) used in the study was not low 
enough to establish a phosphorus-depletion 
stress equal to the calcium-depletion stress 
attained with 0.013 per cent dietary calcium. 

The significant contribution of the series 
of isotope studies from the University of 
Tennessee—Atomic Energy Commission Lab- 
oratory has been that of developing pro- 
cedures for obtaining estimates of endog- 
enous mineral metabolism and furnishing 
means of arriving at true digestibility values 
for calcium and phosphorus under varying 
conditions of intake. These same procedures 
should prove valuable in determining more 
precisely the manner in which other factors, 
such as dietary mineral source (organic 
or inorganic), other dietary constituents, or 
intestinal pH, influence the metabolism of 
these minerals in the animal. 


THE SITE OF CONVERSION OF CAROTENE TO VITAMIN A 


The earlier work in this area indicated 
that the liver was probably the primary or- 
gan involved in converting carotene to 
vitamin A. However, later work by H. J. 
Deuel and co-workers (see Nutrition Re- 
views 6, 92 (1948); T, 135, 169 (1949)) 
showed that the intestinal wall converted 
large amounts of carotene to vitamin A. 
Their conclusion was based on the fact that 


when vitamin A-depleted rats were given a 
large dose of a beta-carotene solution vita-, 
min A could be detected in the gastrointes- 
tinal tract before there was any change in 
the liver. 
The evidence for the gastrointestinal wall 
as the primary and perhaps only organ in- 
volved in converting carotene to vitamin A 
was strengthened by the observation that, 
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parenterally administered carotene was de- 
posited in the liver of rats. There was, how- 
ever, no increase in the vitamin A content of 
the liver following the injection of carotene 
(Nutrition Reviews, 6, 92 (1948)). 

R. F. Krause and H. B. Pierce (Arch. 
Biochem. 19, 145 (1948); (Nutrition Re- 
views 7, 169 (1949)) showed that even when 
most of the blood vessels going to the liver 
were ligated, rats were able to convert orally 
administered carotene to vitamin A. The 
rate of conversion under these circumstances 
was the same as that in normal animals. 
More recently, A. Rosenberg and A. E. 
Sobel (Arch. Biochem. Biophys. 44, 320 (1953); 
Nutrition Reviews 12, 23 (1954)) showed 
that vitamin A could be formed when an 
aqueous dispersion of carotene was incu- 
bated in an isolated intestinal loop. The 
rate of formation of vitamin A under these 
circumstances was such that it could ex- 
plain the formation of vitamin A when rats 
were given an aqueous dispersion of carotene 
by stomach tube. 

Recently reports have appeared which 
point to the possibility that the liver and 
perhaps other organs or tissues may play 
some role in the conversion of carotene to 
vitamin A. H. D. Eaton and co-workers 
(J. Dairy Set. 34, 1073 (1951)) found that 
when an aqueous suspension of carotene was 
injected into vitamin A-depleted calves 
there was a slight increase in the plasma 
vitamin A levels. There was, however, no 
change in liver vitamin A. K. Kowalewski, 
E. Henrotin, and J. van Geertruyden (Acta 
gastro-enterol. belg. 14, 607 (1951)) found 
that when colloidal carotene was injected 
intravenously into dogs, there was an in- 
crease in vitamin A in both the serum and the 
liver within two hours. J. G. Bieri and M. O. 
Schultze (Arch. Biochem. Biophys. 34, 280 
(1951)) observed that when solubilized 
carotene was injected intramuscularly in 
vitamin A-depleted rats, small amounts of 
vitamin A were found in the serum and 
kidneys, although none was present in the 
liver. 
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In an extension of the above work, J. G. 
Bieri and C. J. Pollard (Brit. J. Nutrition 
8, 32 (1954)) depleted weanling male rats by 
placing them on a vitamin A-free diet. 
Signs of vitamin A deficiency appeared in 
male animals within fifteen to eighteen days; 
when female rats were used, a longer period 
was required to produce vitamin A deple- 
tion. Crystalline all-trans-beta-carotene was 
dissolved in an aqueous solution of Tween 
40. The vitamin A was determined with 
the antimony trichloride technic. A number 
of precautions were taken to be sure that 
the material reacting with the above re- 
agent was actually vitamin A. 

When a single dose of 50 micrograms of 
carotene was given to vitamin A-depleted 
rats, the group receiving the carotene in- 
travenously gained 97 g., while the animals 
given the same dose by stomach tube gained 
93 g. When a dose of 4.0 micrograms of 
carotene was given intravenously to vita- 
min A-depleted rats, they gained 44 g., 
while the rats given the same dose by mouth 
gained 36 g. The apparent superiority of the 
intravenously administered carotene was 
not seen when alpha-tocopherol was added 
to the supplement (to stabilize the carotene 
in the gastrointestinal tract). 

When the animals were more severely 
depleted in their vitamin A stores than in 
the above experiments, the rats showed no 
response to a small dose of 5.2 micrograms 
of intravenously injected carotene. They 
did, however, respond when a dose of 18.8 
micrograms of carotene was injected. 

The above studies with injected carotene 
solutions’ emphasize the fact that rats were 
able to utilize the vitamin A which must 
presumably have been formed from the 
carotene. There was, however, the possibility 
that the injected carotene entered the gas- 
trointestinal tract with the conversion oc- 
curring in the intestinal wall. F. H. Matt- 
son, J. W. Mehl, and H. J. Deuel (Arch. 
Biochem. 15, 65 (1947)) had shown earlier 
that parenterally administered carotene may 
be utilized after being secreted into the 
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intestine by way of the bile. To rule out the 
latter possibility, Bieri and Pollard ligated 
the bile duct in vitamin A-deficient rats. 
Under these circumstances, the injection of 
carotene in aqueous dispersion was followed 
by the appearance of vitamin A in serum, 
kidney and liver. Removal of the entire 
small intestine resulted in no change in the 
rate of conversion of injected carotene to 
vitamin A. 

The above findings convinced Bieri and 
Pollard that the rat can convert carotene to 
vitamin A in tissues other than the small 
intestine. The kidney was eliminated as a 
possible site when nephrectomized rats were 
studied. Removal of 60 to 75 per cent of the 
liver did not hamper the rat’s ability to 
convert carotene to vitamin A. These 
investigators concluded that perhaps many 
tissues have the ability to convert carotene 
to vitamin A. However, under normal con- 
ditions, orally administered carotene is 
converted primarily in the intestinal wall. 
When carotene is stabilized with alpha- 
tocopherol, it is more efficiently utilized 
when given by the oral route. 

Practically all workers in this field have 
called attention to the fact that when caro- 
tene is given by mouth there is no carotene 
in the serum. The suggestion has frequently 
been made that the rat’s intestinal wall is 
impermeable to carotene. Another explana- 
tion for this observation may be that the 
rat is very efficient in converting carotene 
into vitamin A, while other animals, such 
as cattle, are not. Support for the latter 
suggestion comes from the work of D. C. 
Church and co-workers (J. Animal Sci. 
13, 677 (1954)). They observed that aqueous 
suspensions of carotene injected into vita- 


METABOLISM 
There have been few studies of the meta- 


bolic fate of vitamin K in the animal body. 
Although it is required for the formation of 
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min A-depleted Hereford calves produced no 
change in either the plasma or liver levels of 
vitamin A. In contrast, sheep depleted of 
vitamin A stores responded to the injection 
of carotene with an increase in the plasma 
vitamin A from a preinjection level of 21.4 
micrograms per cent to 34 micrograms per 
cent one hour after the injection, and to 
47.9 micrograms per cent nine hours there- 
after. 

It should be noted that the above observa- 
tions are contrary to some of the earlier re- 
ports, especially those of Eaton and co-work- 
ers (loc. cit.), and R. G. Warner and L. A. 
Maynard (J. Animal Sci. 11, 780 (1952)). 
Both of these groups reported slight in- 
creases in the plasma vitamin A levels of 
depleted dairy calves following an injection 
of an aqueous suspension of carotene. 
Whether there are differences in the ability 
of beef and dairy cattle to convert carotene 
to vitamin A or whether the method of sol- 
ubilizing the carotene is responsible for the 
divergent results still has to be determined. 

In conjunction with the above work, it 
should be recalled that the level of carotene 
in the plasma of the calf appears to be re- 
lated to the dietary intake (P. D. Boyer 
et al., J. Dairy Sct. 25, 433 (1942); Nutri- 
tion Reviews 7, 135 (1949)). On this score 
the calf behaves the same as man. The ex- 
tensive studies of the British during the last 
war indicated that the plasma carotene 
level in man is closely related to the dietary 
intake (E. M. Hume and H. A. Krebs, 
editors, Med. Res. Council Spec. Report 
Series (London), No. 264 (1949)). 

Studies such as the above may be the 
spark which will set off a new series of in- 
vestigations on the role and metabolic 
behavior of carotene and vitamin A. 


OF VITAMIN K 


prothrombin, the plasma proteins have no 
vitamin K activity (H. Dam, J. Glavind, L. 
Lewis, and E. Tage-Hansen, Skand. Arch. 
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Physiol. 79, 121 (1938)) and hence it is not a 
component of prothrombin. It might be ex- 
pected that it would be excreted as glucu- 
ronides or sulfates and D. A. Richert (J. 
Biol. Chem. 189, 763 (1951)) identified 4-hy- 
droxy-2-methyl-l-naphthyl sulfate in the 
urine of rabbits given about 200 mg. of 2- 
methyl-1 ,4-naphthoquinone per kilogram of 
body weight. Further studies have been re- 
ported by F. C. G. Hoskin, J. W. T. Spinks, 
and L. B. Jaques (Canad. J. Biochem. Phys- 
iol. 32, 240 (1954)) using 2-methyl-1,4- 
naphthoquinone (K;) labeled with C" in the 
methyl! position. Although the doses used are 
still considerably above the dietary require- 
ments, the use of the labeled compound per- 
mits investigation at a level considerably 
lower than would otherwise be necessary. 
Adult rats were used except in one experi- 
ment where an adult guinea pig was used. 
The radioactive vitamin K; dissolved in 
sesame oil was injected intramuscularly at 
dosages from 3.8 to 11 mg. per kilogram of 
body weight. The urine was collected for 
ten to twenty hours during which time from 
20 to 40 per cent of the radioactivity was 
excreted. Less than 10 per cent additional 
activity was excreted in the following twenty 
hours. By chromatography upon paper two 
products were demonstrated, both of which 
were different from 2-methyl-1,4-naphtho- 
quinone itself. Product 1 was incubated with 
beta-glucuronidase and then was no longer 
distinguishable from vitamin K;. After 
purification by repeated chromatography, 
it was analyzed for glucuronic acid and radio- 
activity and was found to contain approx- 
imately 2 moles of glucuronic acid per mole 
of vitamin. It is thus the diglucuronide. 
Product 2 was not changed by glucuroni- 
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dase nor by incubation with arylsulfatase 
(Mylase P). Yet upon analysis it was found 
to contain one mole of sulfate per mole of 
the vitamin and thus is a monosulfate ester, 
probably the 2-methyl-4-hydroxy-1l-naph- 
thyl sulfate described by Richert. Both 
products 1 and 2 were found to yield the 
original vitamin upon hydrolysis. This was 
shown by the ultraviolet absorption spec- 
trum of the materials and by recovery of 
the radioactivity in authentic vitamin K; 
added to the hydrolysates and isolated as 
the diacetate derivative with appropriate 
melting point. 

A third compound called product 3 was 
detected at low dosage levels using high 
specific activity material which had been 
overlooked in the first experiments. It was 
present in relatively small amounts, did not 
appear to be hydrolyzed by glucuronidase 
and did not appear to contain glucuronic 
acid with a modified spot test. One test for 
sulfate was doubtful and another was nega- 
tive. After hydrolysis most of the radio- 
activity was recovered with authentic 
vitamin K; after addition and recovery as 
in the previous tests. Hence, it is an easily 
hydrolyzable conjugate of vitamin K;, prob- 
ably similar to the other two products 
described. 

The authors point out that it is not pos- 
sible to decide from these studies whether 
the products so far identified are metabolic 
products participating in the physiologic 
role of the vitamin, detoxification products, 
or whether there is any difference in these 
two possibilities. Also, it is emphasized that 
the restlts using 2-methyl-1,4-naphtho- 
quinone are not necessarily applicable to 
the natural vitamins, K; and Ko. 
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NOTES 


Letter to the Editor 


Dear Sir: 

I was interested in reading the review 
article “Skin Changes in Nutritional De- 
ficiencies” appearing in the November 1954 
issue of Nutrition Reviews (12, 345 (1954)). 
While admitting the similarity between the 
histology of follicular hyperkeratosis in man 
and that of the skin lesion of the essential 
fatty acid deficiency in the rat the reviewer 
goes on to state: 

“It is tempting to speculate that follicular 
hyperkeratosis is the result of essential fatty 
acid deficiency. This can be proved only by 
careful nutritional study and such a study 
seems to be strongly indicated.” 

It is clear that the reviewer is unaware 
of the work done earlier to test this concept. 
I would draw your attention to the follow- 
ing two articles: (1) “The Aetiology of 
Phrynoderma,” by C. Gopalan, Indian 
Med. Gaz. 82, 16 (1947); (2) ‘“‘Phrynoderma: 
Clinical and Biochemical Investigations,” 
by P. S. Menon, P. G. Tulpule, and V. N. 
Patwardhan, Indian J. Med. Res. 38, 173 
(1950). 

The results of investigations described in 
these two papers have provided clinical and 
biochemical evidence that essential fatty 
acid deficiency was the important etiologic 
factor in human follicular hyperkeratosis. 
If your reviewer had stated that further 
work was necessary he would have been 
more correct that he has been. I trust you 
will not mind my pointing out to you this 
error of omission on the part of your re- 
viewer. 

V. N. ParwarpuHan, Director 
Nutrition Research Laboratories 
Indian Council of Medical Research 
Coonoor, S. India 


Basal Metabolism of Girls in the Great 
Lakes Region 


Simple goiter, due to iodine deficiency, is 


} endemic in several areas of the world. This 


condition is due to the low content of iodine 


in the soil of these regions with a consequent 
deficiency of iodine in the plants grown in 
this soil. The use of iodized table salt has 
greatly reduced the incidence of endemic 
goiter in the United States. The Great Lakes 
area of the United States is an area where 
goiter was formerly prevalent. It was esti- 
mated that 47.2 per cent of the population 
of Michigan had abnormal thyroid glands 
in 1924. At this time iodized salt was intro- 
duced in the state and a survey in 1951 indi- 
cated that the incidence of abnormal thy- 
roids among the school children of the state 
had dropped to 1.4 per cent (B. E. Brush 
and J. K. Altland, J. Clin. Endocrinol. 
Metab. 12, 1380 (1952)). 

Michigan has no law requiring that salt 
be iodized and only approximately half the 
salt sold contains added iodine. These con- 
siderations suggest the possibility that the 
iodine intake of the population of the Great 
Lakes region may be low. F. Kenyon, H. J. 
Kelly, and I. G. Macy (J. Am. Dietet. Assn. 
30, 987 (1954)) have investigated this pos- 
sibility. They measured the basal metabolic 
rates of apparently healthy Michigan girls 
of ages 5 to 18. The girls were wards of a 
children’s home and lived in groups of 8 to 
10 in homes in the country. The diets were 
considered quite adequate by the usual 
standards. A total of 710 observations of 
basal metabolic rate were made on 67 dif- 
ferent girls. When the results were plotted 
as a frequency distribution it was found 
that the highest percentage of the observa- 
tions were in the 0 to —5 per cent range of 
basal metabolic rates. 

These experiments do not indicate a 
marked reduction in basal metabolic rates 
of these Michigan girls. However, the large 
number of observations used makes the 
trend of probable significance. It may well 
indicate an inadequate iodine intake for a 
considerable number of the subjects. It 
seems important to re-emphasize the neces- 
sity for using iodized salt in the goitrogenous 
areas of the world. 
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“These results indicated that consider- 
able, although not complete, protection 
against dental caries in Norway rats could 
be accomplished through inclusion in a puri- 
fied diet of the ash from a protective natural 
diet .. . Spectrographic analyses of the ash 
from the natural diet revealed qualitatively 
the presence of at least 10 trace elements that 
are thus far not considered essential nu- 
trients for animals. Whether or not any of 
these, rather than possibly a more optimum 
ratio of known elements, is responsible for 
better caries protection on diets containing 
ash than on diets containing reagent salts 
remains to be determined.” (Nutrition Re- 
views 18, 29 (1955), Minerals and Dental 
Caries Prevention.) 


“Tt was found that with an oral dose of 
0.5 micrograms of vitamin By, the hepatic 
uptake was 90.5 per cent of that which oc- 


curred following the intramuscular injec- 
tion. With increasing doses of vitamin By» 
there was a rapid and progressive fall in 
absorption so that with doses of 50 micro- 
grams only 3 per cent as much hepatic ac- 


cumulation took place with oral as com- 
pared with intramuscular administration. 
Expressed in another fashion, an increase 
in the oral dose of vitamin Bi, from 0.5 to 
50 micrograms only results in an increase 
in hepatic accumulation from an estimated 
0.45 to 1.5 micrograms daily.” (Nutrition 
Reviews 13, 40 (1955), Absorption of Vita- 
min Bie.) 


“Becker and co-workers administered 
large amounts of calcium pantothenate to 
a series of 11 diabetic patients without 
retinopathy who had failed to demonstrate 
any eosinopenia following repeated corti- 
cotropin administration. In 8 of the 11 
patients, pantothenate treatment was rap- 
idly followed by a normal response to cortico- 
tropin. From these and related studies it 
seems clear that the defective adrenocorti- 
cal function of at least some diabetic sub- 
jects without retinopathy can be attributed 
to a relative deficiency of pantothenate.” 
(Nutrition Reviews 18, 74 (1955), Vitamin 
Deficiencies in Patients with Diabetic 
Retinopathy.) 
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